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Kleine Ali komt 5000 iaar te laat op schoo 


Duizenden jaren geleden leefden op het gedeelte van het 
schiereiland Aden, waar Ali woont, slechts vissers en her- 
ders. Terwijl de beschavingen van Egypte, Griekenland en 
Rome opbloeiden en vervielen, bleef het een woestenij van 
zand en vulcanisch gesteente. Thans evenwel zijn er, dank 
zij het bestuur van Aden en de B.P. volledig ingerichte mo- 
derne scholen en een technisch opleidingsinstituut. 

In 1952 begon The British Petroleum Company met de 
bouw van Klein-Aden, een moderne haven en een reusach- 


tige raffinaderij. Een enorme verbetering van de levenso 
standigheden van de bewoners is hiervan het gevolg 
weest. De school van kleine Ali is een teken des tijds. Eveı 
de Atlas Copco drukluchtgereedschappen, die tot de \ 
wezenlijking’ervan hebben bijgedragen. Atlas Copco bo 
hamers werden gekozen voor het winnen van 2 miljoen | 
steen, nodig voor de aanleg van de haven. En dit is slec 
een van de belangrijke werken, waarbij Atlas Copco 
Sandvik Coromant materieel een rol hebben gespeeld. 


Sitlas Copco levert druklucht voor elk werk ter wereld 


Atlas Copco Holland n.v., Breevaartstraat 48, Rotterdam, Tel. 010-351 91 - Bekkerweg 52, Heerlen, Tel. 0 4440 - 55: 


Eickhoff 


WALZENLADER 
SCHRÄMMASCHINEN 
STAHLGLIEDERBÄNDER 
GUMMIBANDANLAGEN 


DOPPELKETTENFÖRDERER 


PFEILRADMOTOREN 


GETRIEBE 


VERTEGENWOORDIGING VOOR NEDERLAND: 
SJEF G.DE GROOT : WIJNGAARDSWEG 61 
HOENSBROEK 

TEL.1748 HOENSBROEK (04448) - FS 12281 


DA NE 


U NYAN 


AILENETTITTIE STÄLTLTUYALTTTUTNEG 


PT 
3 
= 
—Zz 
— 
== 
== 


3 zurull 


MIJNVENTILATOREN 


Voor onder- en bovengrondse op- 
stellingen levert Stork axiale mijn- 
ventilatoren, met tijdens bedrijf of 
stilstand verstelbare waaierschoe- 
pen. Hiermede kan de capaciteit, 
binnen een groot regelgebied, met 
een hoog rendement aangepast wor- 
den aan de bedrijfsomstandigheden. 
Rendementen tot 90% zijn bij deze 


typen normaal. 


Ondergrondse mijnventilator met gedurende sı 
stand gelijktijdig verstelbare waaierschoep. 
capaciteit 400 m? |sec. druk 500 mm w.k. 


STORK 


HEN GEL ( 


Licentienemers o.a. in Amerika, Engelaı 
Frankrijk en Duitsland werken nauw sam 
met het research-laboratorium van Sto 
in Hengelo, waardoor ervaring over « 
groot gebied en onder verschillende o 
standigheden wordt verkregen. 
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„bouwen” geschiedt 
dig mechanisch. Het eind- 
van deze ontwikkeling, 


anloze pijler, is reeds in zicht 
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LICHTE BOORWERKTUIGE 


voor het onderzoek van alluviale erts-afzetting 
voor bauxiet-exploratie, voor boringen naar wa 
en voor fundatie-boringen door losse deklag 


BANKA 


de wereldbekende draagbare platform-bo 


MECA-BANKA 


de volledig gemechaniseerde Banka-bo 


PP (POWER PIONEER) 


de lichte semi-gemechaniseerde prospect 
boor. | 


SOLITE 


de extra-lichte "rotary’' boor. 


MIDLITE 


de middelgewicht "rotary’ boor. 


DD-00 


de kleine kabelboormachine voor boring: 
tot 150 meter diepte. 


GEOLOGENBOOR 


een stel hand-boorgereedschap in houte 
kist. 


Vraag onze catalogussen. Ontad 


HAARLEM - HOLLAND 


POSTBUS 134 - HAARLEM - HOLLA 


Capaciteiten tot 1.000.000 m°’/h; voor drukverschillen tot 4.000 mm 
wk; voor temperaturen tot 400°C in normale uitvoering en voor 
hogere temperaturen in hittebestendige materialen. Rendementen 
tot 92%, !! Bronswerk industrieventilatoren worden in enorme aantallen ge- 
bruikt in fabrieken, ketelhuizen en laboratoria; zuigtrek en onderwind- 
ventilatoren met regelbare luchtopbrengst; ventilatoren voor zuurkast- 
afzuiging, voor transport van zeer hete en agressieve gassen. Uitgevoerd 
als enkelzijdig aanzuigende en als dubbel aanzuigende; met gedeeld huis, 
met inspectieluik, aftap, enz. Bronswerk garandeert druk en kracht- 


verbruik bij elke capaciteit. 
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_ Vlug en grondig klaren van slik is van beslissend 


belang voor de koolwasserij. 
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zorgt voor een versnelde sedimentatie van de 
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vaste stoffen in het kolenwaswater. 

Fiine deeltjes, die niet gemakkelijk sedimenteren, 
worden door Sedipur uitgevlokt en tot zinken 
gebracht. Zonder grote klaarinstallaties krijgt _ 
men dus reeds tijdens de kringloop in het was- 


systeem een geschikt afvalwater. 


Imp. N. V. Color-Chemie 
Postbus 19, Arnhem. 


Problemen betr. het 
klaren van waswate 
flotatiesteenslik kun 
mondeling of schrif 
met onze technici 

behandelen. Op 

aanvraag zenden w 
U gaarne uitvoerige 


documentatie. 
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GEOLOGIE EN MIINBOUW 


JUBILEE CONVENTION 


The Hague 26th April-3rd May, 1962 


GEOLOGY AND MINING 
IN THE NETHERLANDS 


The year 1962 promises to become a landmark in the history of the geology of the Netherlands. 


In 1962 the Geological Survey of the Netherlands and the Royal Geological and Mining Society of 
the Netherlands will celebrate their 60th and 50th aniversary respectively. During the past periods 
of activity both organisations have been diligently engaged in fostering the geological knowledge 
of the country. The Geological Survey of the Netherlands and its immediate predecessors viz. 
the Rijks Opsporing van Delfstoffen (State Mineral Survey) and the Rijks Geologische Dienst 
(State Geological Survey) had from the outset, among other things, the task to prepare the 


geological map of the country and to explore its mineral resources. 


The Geological Society has continuously endeavoured to stimulate the interest in the geology of 
the Netherlands. It held regular meetings and colloquia, organised excursions and issued, in 


collaboration with the Survey, the 1 : 200.000 geological map of the country. 


As to publications both organisations have brought the geology of the Netherlands before the 
public in their Mededelingen (Communications), Verslagen (Reports), Verhandelingen (Transactions) 
and in the monthly magazine "Geologie en Mijnbouw”. In both organisations geologists and mining 


engineers are constantly collaborating closely together. 


Since Worldwar II much new and successful exploration work has been carried out in the search 


for coal, oil and natural gas, which are the main sources of energy in the country. 
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A great many deep holes were drilled and a vast amount of geophysical prospection work (espe- 
cially with seismic methods) was accomplished. The gouvernmental Peel-Committee and the Ne- 
derlandse Aardolie Maatschappij have thus been able to collect an impressive amount of sub- 


surface data during their search for coal and for oil and gas respectively. 


The geophysical observations men in the Peel area have been computed by the geophysical 
department of the Staatsmijnen, whercas the interpretation of geological and paleontological evidence 
was carried out by the Geological Bureau of the Survey. All this work resulted in obtaining a well 
defined and in many respects rather detailed picture of the geologic structure of the coal fields of 
the Peel region and the available coal reserves there. Furthermore the strata of the overburden 


have been carefully studied. 


The publication of the final report of the Peel Committee comes at an opportune moment as 
this event coincides with the Jubilee Convention. Many of the new facts referred to above will 
thus be dealt with in the meetings of the Jubilee Convention and will in due course be published 


in its Proceedings. 


Similarly we expect that a number of new features with regard to the subsurface geology of the coal 
field of State Mine Beatrix (SE of the Peel Area) can be disclosed during the Jubilee Convention. 
It is to be expected too that subsurface data revealed during the exploration work conducted 
by the Nederlandse Aardolie Maatschappij in their search for oil and gas in the western, eastern and 
northern Netherlands, as yet unpublished, will be the subject of talks in the convention meetings. 
Also these data will subsequently be published in the Proceedings. Such data will not necessarily 
be restricted to formations of the Mesozoic and Zechstein, in which the main oil and gas deposits 


occur, but will also have a bearing on formations of the Carboniferous and the Tertiary. 


The fact that all these factual data are to be released for publication is a matter of great satis- 
faction to the two celebrating scientific organisations and it is in this connection that we ventured 
to make the statement that 1962 will become a year of outstanding importance in the develop- 


ment of geological knowledge of the Netherlands. 


The Organizing Committee 
Ir. A. A. G. SCHIEFERDECKER 


General Secretary. 
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VOLCANOLOGY AND GEOLOGY OF IGNIMBRITES 
IN INDONESIA, NORTH ITALY, AND THE U.S.A.! 


R. W. van BEMMELEN ? 


SUMMARY 


. (1) An analysis of the orogenic and plutono-volcanic 
evolution of the Sumatra - Java arc of Indonesia, shows 
that three impulses of orogenic uplift occurred after its 
mesozoic geosynclinal subsidence. All three were ac- 
companied by the rise and occasional ignimbritic 
eruptions of acid magma. Volcanic activity, producing 
igneous rocks of intermediary composition, developed 
during the intervening periods (Table I and fig. 1); the 
latter is the normal type of orogenic volcanism. 

The ignimbritic type of eruptions differs from the 
normal orogenic volcanism (Table II). The former 
Produce extensive and voluminous sheets of acid "flood- 
tuffs”, which bury the landscape and which are partly 
welded and recrystallized during their cooling. These 
ignimbrite deposits are the synorogenic acid counterpart 
of the post-orogenic, basic plateau basalts, or "flood- 
basalts”’, as they were termed by Tyrrell. 

This ignimbrite type of eruptions may not be com- 
pared with ”nue&e ardente” eruptions. They represent 
different groups in the classification of volcanic 
eruptions according to viscosity and gas content of the 
magma (Table III). However, transitions will occur 
between ladu’s and ignimbrites, between pumiceous 
airfall tuffs produced by Plinian outbursts and ignim- 
brites, as well as between lava flows and ignimbrites 
(tufolavas, foam or froth lavas). 

(2) The quartz-latitic ignimbrites of the Bolzano 
province in North Italy are related with a cauldron, 
about 65 km in diameter. From this basin ignimbrite 
flows of over 100 km length radiate in various 
directions. These ignimbrites erupted during an acme 
of volcanism of relative short duration, after an initial 
phase of volcanism, which had an intermediary com- 
position. The total volume of the Bolzano ignimbrites 
amounts to several thousands of cubic kilometres. This 
volcanism was the final act of the hercynic era of 
orogenesis. 

(3) The cenozoic ignimbrites of the Cordilleran 
system have their greatest development in the Great 
Basin District. Their total volume is estimated at 
140.000—200.000 cb.km. These ignimbrite deposits 


1 Lecture held at the Symposium on ”Ignimbrites and 
Hyaloclastites”, organized by the International Associa- 
ton of Volcanology (I.U.G.G.) at Catania, Sicily, Sep- 
tember 1961. 
2 Mineralogical-Geological Institute of the State Uni- 
versity of Utrecht, Oude Gracht 320, Utrecht, Nether- 


lands. 


are probably related with crustal stretching in the crestal 
part of the Cordilleran tumor as is schematically in- 
dicated in a section (fig. 2). 


ZUSAMMENFASSUNG 


(1) Eine Analyse der orogenen und plutono-vulka- 
nischen Evolution des Sumatra-Java Bogens in Indo- 
nesien, zeigt dass seit der geosynklinalen Senkung des 
Mesozoikums, während des Kainozoikums drei kurz- 
fristige Aufhebungsimpulse in dieser Zone stattgefun- 
den haben. Alle drei wurden begleitet von Intrusionen 
und gelegentlich auch ignimbritischen Eruptionen sau- 
ren Magmas. Der normale orogene Vulkanismus ist 
intermediärer Zusammensetzung und fand während 
der Zwischenperioden statt (Tabelle I und Fig. 1). 

Der ignimbritische Typus der Eruptionen unter- 
scheidet sich von den normalen vulkanischen Aus- 
brüchen (Tabelle II). Die erstgenannten produzieren 
ausgedehnte und voluminöse Tuffdecken, die man 
"Fluttuffe” (flood tuffs) nennen könnte, weil sie die 
Landschaft überfluten und das unterliegende Relief 
abdecken. Diese Tuffdecken sind während der Ab- 
kühlung z.T. verschweisst (welded) und rekristallisiert 
worden. Die Ignimbritablagerungen sind das saure, 
synorogene, vulkanische Hauptphänomen, und bilden 
das Gegenstück der basischen, postorogenen Plateau- 
basalte, die von Tyrrell ”Flutbasalte” (floodbasalts) 
genannt wurden. 

Der ignimbritische Typus vulkanischer Ausbrüche 
darf man nicht mit ”nu&e ardente” Eruptionen gleich- 
setzen. Ignimbrite gehören zu einer andern Klasse der 
Klassifizierung der Vulkanausbrüche nach Viskosität 
und Gasgehalt des Magmas (Tabelle III). Es kommen 
jedoch Übergänge vor zwischen Ladu’s und Ignimbri- 
ten, zwischen Bimssteintuffen der plinianischen Aus- 
brüche und Ignimbriten, und zwischen Lavaströmen 
und Ignimbriten (Tufolaven, Schaumlaven). 

(2) Die quarzlatitische Ignimbritablagerungen der 
Bozener Quarzporphyrprovinz in Norditalien liegen in 
einem Becken, etwa 65 Km in Durchmesser, von wo 
aus über 100 Km lange ignimbritischen Tuffströmen 
ausstrahlen. Die saure Ignimbrite wurden in relativ 
kurzer Zeit ergossen, nach einem Initialphase des oro- 
genen Vulkanismus, welche chemische eine mehr in- 
termediäre Zusammensetzung zeigt. Das Volum der 
Bozener "Quarzphyre” ist in der Ordnungsgrösse 
mehrerer Tausenden kubiken Kilometer. Diese Ignim- 
britausbrüche sind der Schlussakt der herzynischen 
Gebirgsbildung. 

(3) Die kainozoische Ignimbritablagerungen des Kor- 
dilleren Systems westlich Nord-Amerikas finden ihre 
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grösste Verbreitung im Great Basin District. Das Ge- 
'samtvolum dieser Ignimbrite beträgt 140.000 bis 
200.000 kubike Kilometer. Die Ausbrüche dieses sau- 
ren, anatektischen Magmas stehen in Zusammenhang 
mit der lateralen Ausdehnung der Kordillerentumor 
und der Horst- und Grabenbildung in ihrem Dachge- 
biet, "the Great Basin”. (siehe Querschnitt, Fig. 2). 
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1. RELATIONS BETWEEN OROGENESIS AND 
CENOZOIC IGNIMBRITES IN INDONESIA 


The evolution of the Sumatra-Java arc of the 
Sunda Mountain System in Indonesia was accom- 
panied by plutonic and volcanic activity. There 
is a distinct correlation between the orogenic 
oscillations of this belt and the character of the 
accompanying plutono-volcanic processes (van 
Bemmelen, 1949, 1950, 1954, see also fig. 1). 

The orogenic cycle started with geosynclinal 
subsidence in younger mesozoic time. During this 
phase intrusions and submarine extrusions of 
ophiolitic (basic to ultrabasic) magma occurred. 
This initial geosynclinal phase was terminated at 
the end of the Cretaceous by a first impulse of 
orogenic uplift, which created a non-volcanic 
geanticlinal upwarp, in the core of which granitic 
batholiths were emplaced. 

After a short emergence above sea level 
(Paleocene-Lower Eocene) slow subsidence started 


again. The first sediments in Java are upper 
eocene limestones and marls, which do not yet 
contain tuffaceous components. Then, in oligo- 
miocene time, volcanoes were formed on the 
subsiding crest of the geanticline. On Sumatra the 
tertiary sedimentation begins with the Quartz- 
sandstone Formation which is succeeded by the 
Old-Andesite Volcanoes, which are largely sub- 
marine. This is the first cycle of andesitic, calc- 
alkaline Pacific Volcanism. It produced the so- 
called "Old Andesite Formation” of oligo-miocene 
age. 

In mid-miocene time a second impulse of 
uplift occurred, which was accompanied by the 
formation of longitudinal rifts and fissures on the 
crest of the geanticline (the proto-Semangko 
Zone of Sumatra; van Bemmelen, 1949, p. 673). 
Through this rift zone acid magma rose to the 
surface and produced ignimbrite deposits, such 
as the tuff sheet of 75—200 m thickness, inter- 
calated between the marine Telisa Beds (Lower 
Miocene) and the marine Lower Palembang Beds 
(Upper Miocene) in the Baturadja area of South 
Sumatra (van Bemmelen 1932, 1949, vol. I. A, 
table 31 on p. 121), and the ignimbrite sheet of 
about 150 m thickness between the Djampang 
Beds (Lower Miocene) and the Bentang Beds 
(Upper Miocene) in the Karangnunggal region 
of the Southern Mountains on West Java (van 
Bemmelen, 1941 and 1949, vol. I.A, table 26 on 
p- 108-109). 

Moreover, this intra-miocene phase of oro- 
genesis was accompanied by the intrusion of 
dacito-liparitic dikes and hydrothermal mineral- . 
izations (the gold-silver ores of South Sumatra 
and West Java; van Bemmelen, 1949, vol. I, p. 
106 and p. 135). It was terminated by the empla- 
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‚cement of granodioritic batholiths, which rose in 


_ places into the very base of the Old-Andesite 
. volcanoes (van Bemmelen, 1949, vol. 1.A, fig. 257 


on p. 547 and fig. 321 on p. 626). 

In mio-pliocene time subsidence again pre- 
vailed in the Sumatra-Java belt. The andesitic 
volsanism resumed its activity, forming the second 
or intermediary Andesite Formation (Middle 
Palembang Beds of Sumatra, van Bemmelen, 1949 
vol. LA tables 31 and 32 on p. 121; Bentang 
Beds, etc. of Java, van Bemmelen, 1949 vol. LA 
table 26 on p. 108-109). 

At the end of the Tertiary a third impulse of 
orogenic uplift created the present Sumatra-Java 
geanticline. This arching up was again accom- 
panied by rifting and voluminous outbursts of 
acid pumiceous tuffs. On Sumatra this rift on the 
crest of the Barisan geanticline is called the Se- 
mangko Zone. It produced the ignimbritic sheets 
and flows of Ranau (van Bemmelen, 1932, 1933), 
Pasumah (Westerveld, 1942), Karbouwengat 
(van Bemmelen, 1949 vol. I.A, p. 686), and Toba 
(van Bemmelen, 1939, 1949 vol. I.A p. 687-696; 
Westerveld, 1947). The volcano-tectonic cauldrons 
of Ranau and Toba are situated on axial culmina- 
tions of the Barisan geanticline (see also the 
series of evolutionary sections across Sumatra in 
van Bemmelen, 1949, vol. 1.B, fig. 374, plate 40). 

On Java the axial depression is called Bandung 
Zone. It is not a graben zone like the Semangko 
rift on Sumatra, but it had an asymmetrical struc- 
ture, namely normal faulting at its southern side, 
and northward sliding of the top part and 
northern flank of the geanticline, causing the 
intense folding and thrusting in the adjacent 
belt Bogor-North Seraju - Kendeng Zone). 

It is remarkable that no ignimbritic outbursts 
of the collapsed Bandung Zone are known. Ap- 
parently the magma, occuring in the core of the 
Java geanticline, was injected sidewards (as in- 
dicated by fig. 332 on p. 643 in van Bemmelen, 
1949, vol. I.A, and by the evolutionary series of 
sections across East-, Central- and West Java, 
figs. 293 and 312 on plate 35 and fig. 343 on 
plate 37 in van Bemmelen, 1949 vol. I.B). 

A similar remark can be made for the Alps, 
where the rise of a magmatic blister during the 
Gosau phase of orogenesis caused sidewards in- 
jections of reborn acid magma into the Pennine 
and Tauern foredeeps, forming the igneous cores 
of the Pennine Nappes, instead of being emitted 
upwards through fissures in the roof of the 
Adriatic tumor as ignimbritic flood tuffs (see 
van Bemmelen, 1960 and 196la). 

However, farther East, in the Pannonian Basin, 
at the inside of the Carpathians, the spreading of 
the crust caused a Basin-Range type of block 
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faulting, which was accompanied by ignimbritic 
eruptions in triassic as well as in tertiary time.? 

After the plio-pleistocene uplift of the Suma- 
tra-Java belt, a third cycle of andesitic eruptions 
started, forming the quaternary volcanoes which 
are partly extinct and partly still active. 

It appears that in the case of the Sumatra-Java 
belt the voluminous ignimbritic eruptions ac- 
companied the impulses of uplift of the belt by 
buoyant magmatic blisters of low density. But in 
those cases where the geanticline or tumor spread 
sidewards, whereby the rheomorphic core was 
injected laterally, no external volcanic manifes- 
tations of this acid magma occurred (compare for 
instance the sections II and VI of fig. 374 on 
plate 40 in van Bemmelen, 1949, vol. 1.B). 

Figure 1 (according to van Bemmelen, 1950, 
fig. 3 on p. 213) schematically illustrates this 
cenozoic evolution of the Sumatra-Java belt. This 
evolution can also be summarized in the following 
form: 


The Sumatra-Java belt shows a clear correlation 
between the impulses of orogenic uplift and the 
intrusions and extrusions of acid magma. This 
leads to the thesis that there is a genetic relation 
between both; the rise of the geanticline is caused 
by the buoyancy of magmatic blisters of low 
density, so called ”asthenoliths”, which are com- 
posed (at their upper part) of anatectic sialic 
matter, that is reborn granodioritic to granitic 
magma. During the first impulse of uplift this 
acid magma did not yet reach the surface; it 
created a non-volcanic geanticline. The second 
and third impulses of uplift, however, where 
accompanied by voluminous eruptions of acid 
tuff sheets and flows, the so-called ignimbrites. 

The three cycles of andesitic, calc-alkaline or 
Pacific volcanism, developed during the more 
quiet intervening periods of slow subsidence. 
This volcanism was caused by eruptions of local, 
high-level pockets of reborn magmas of inter- 
mediary composition, situated above the more 
acid asthenolithic blisters. For this thesis abundant 
field indications are found in Java (see van Bem- 
melen, 1949 I.A and 1950, chapter UI, C: Origin 
of the igneous rocks, p. 232-2506). 

The voluminous eruptions of acid, dacito- 
liparitic tuffs are produced by fissures, which 
originated by crustal stretching on the back of 
the geanticline (Semangko Zone of Sumatra, for 


G. Pant6: Ignimbrites of Hungary with regard to 
their genetics and classification. Lecture at the Catania 
Meeting on ignimbrites and hyaloclastites of the In- 
ternational Association in September 1961 (To be 
published in the Bulletin Volcanologique). 
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Table I — THE OROGENIC AND PLUTONO-VOLCANIC EVOLUTION OF THE SUMATRA-JAVA BELT 


Stratigraphic time 


Quaternary 


Plio-Pleistocene 


Mio-Pliocene 


Middle-Miocene 


Oligo-Miocene 


Eo-Oligocene 


Paleocene 


Cretaceous 


instance). They are typically synorogenetic 
paroxysms. 
The calc-alkaline, andesitic volcanoes are 


formed in the more quiet phases of evolution 
between these impulses of orogenic uplift. They 
grow more slowly, building up layered cones by 
series of smaller eruptions through central vents. 
Though forming a narrow belt on the back of a 
geanticline, the location of the vents of these 
volcanoes is less clearly determined by faults. 

The ignimbritic eruptions cause volcano-tec- 
tonic collapses on the crest of rising anticlines 
or tumots, whereas the andesitic volcanoes form 
protuberances on the back of subsiding geanti- 
clines or tumors. 

The general remark can be made, that on Su- 
matra the acid, ignimbritic eruptions are pa- 
roxysmal outbursts at the end of cycles of normal 
andesitic volcanism. A simular evolution is shown 
by the Yellowstone Park, the Valles Caldera, the 
Bolzano district, etc. 

The volumes of the ignimbritic eruptions 
range from some tens to some hunreds and even 
thousands of cubic kilometers (Toba tuffs ca. 
2000 cb.km), whereas the volumes of the matter 
produced by the individual eruptions of the 


Orogenic oscillations 
and sedimentation 


Preponderantly terrestrial 
volcanic sediments 
3rd impulse of uplift 


Slow subsidence, partly marine 
partly terrestrial volcanic sediments 


(folding, faulting, erosion) 


2nd impulse of uplift 
(folding, faulting, erosion) 


slow subsidence, preponderantly 
marine volcanic sediments 


non-volcanic sediments 
(partly on land, partly 
in shallow sea) 


Ist impulse of uplift 
(folding, faulting, erosion) 


Slow geosynclinal subsidence 
submarine volcanism 


plutono-volcanic 
processes 


IlIrd or Young Andesite 
Formation 


3rd phase of acid 
plutono-volcanism 


IInd or intermediary 
Andesite Formation 


2nd phase of acid 
plutono-volcanism 


Ist or Old Andesite 
Formation 


Slow subsidence, 


non-volcanic 
island arc 


Ist phase of acid 
plutonism 


(no external volcanism) 


Ophiolites 
(ultra-basic to basic 
igneous rocks) 


normal orogenic volcanism ranges from 0.001 
cb.km to about 10 cb.km (Smith, 1960a; Boyd, 
1961). 

The ignimbritic eruptions produce tuff sheets 
and flows, which bury and flood the relief of 
extensive regions. They might be called "flood 
tuffs”, as they form the synorogenic and acid 


counterpart of the post-orogenic and basic 
voluminous "flood basalts’ (a name for plateau 
basalts, introduced by G. W. Tyrrell). 

The differences between the ignimbritic and 
normal orogenic volcanism (”normal” in the 
sense of the eruption-cycles as described by van 
Bemmelen, 1949, vol. I.A, p. 199 and following), 
are summarized in table II. (See also chapter 2 of 
this paper). 


2. THE PERMIAN IGNIMBRITES OF THE 
BOLZANO PROVINCE (NORTH ITALY) 


The ignimbrite problem in the Bolzano region 
has been the special topic of the Pentecost Ex- 
cursion of the Geologische Vereinigung in 1959 
(Maucher, 1960). The present author has done 
field work in this area with students of the 
Miner.-Geol. Institute of the State University at 


\ Utrecht since 1957 (Dietzel, 1960, van Hilten, 
- 1960, Agterberg, 1961). 


| 
| 
| 


Maucher (1960, p. 491) gave the following 
definition of ignimbrites (translation by the 
present author): "Ignimbrites are acid - more 
seldom intermediary - rocks, which are deposited 
from fluidized suspensions of small and hot 
magma particles in very hot gases, with tempera- 
tures which were at least above the yielding 


. point (Erweichungspunkt) of the glass shards, 


so that plastic deformation and welding of the 
shards and splinters during and after the deposi- 
tion was possible”. 

This definition covers the concept of "welded 


‚ tuffs”, but it does not grasp the concept of ignim- 


brites in the sense of the genetically coherent 
group of various rock types occurring in the 
simple and composite cooling units of ignimbritic 
deposits. 

The ignimbrite concept is primarily a vol- 
canological concept. It introduces a new me: 
chanism of eruption and deposition of volcanic 
matter, which occupies an intermediate position 
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and the outbursts of magma (producing airfall 
tuffs). 

R. L. Smith (1960a, 1960b) and others (such 
as Gilbert, Enslow, Boyd) have demonstrated that 
there are zonal variations in ignimbrites, depos- 
ited by a single paroxysmal eruption (a "simple 
cooling unit”). The tuffs grade downward from 
a non-welded top into a partially welded zone 
near to the base. At the bottom again thinner 
layers of partial- and non-welding are to be 
found. In the top part the contingent pumice 
fragments are not collapsed, but as the load in- 
creases, they are more and more compressed 
assuming ultimately a pancake form. Moreover, 
partial or complete remelting not only of the 
pumice, but also of the welded glass shards 
around it may occur in the lower parts of the 
ignimbrite deposits. 

Apart from welding Smith distinguishes three 
principle types of secondary crystallization during 
the cooling history: Devitrification (in the zones 
of dense and partial welding), vapour phase 
erystallization (in the porous upper part of the 


characteristic 
features 


feeder channels 


volume of the separate 
eruptions (= simple 
cooling units) 


composition of the 
erupted magma 


morphogenic effects 
in the source area 


sense of the 
accompanying differential 
vertical movements of the crust 


state of the erupted 
magma 


products of the 
eruptions 


welding 


between the outflow of silicate melts (lava flows) 


zone 


VOLCANISM 


ignimbritic volcanism 


mostly fissures 


in the order of 
10 to more than 1000 
cubic kilometers 


dacito-rhyolitic 


collapse of volcano- 
tectonic cauldrons 


relatively quick impulses 
of uplift (formation of 
geanticlines, domes, geotumors) 


magma boils over in a fluidized 

state, glassshards, pumice, pheno- 

cerystals, xenoliths, surrounded by 
a continuous gas-phase 


”flood tuffs”, which cover the 
terrain as sheets or flows with 
level surfaces and a small 
gradient of slope 


partially welded 
ash flows 


of partial 


welding), and granophyric 


Table II — DIFFERENCES BETWEEN IGNIMBRITIC ERUPTIONS AND NORMAL OROGENIC 


normal orogenic 
volcanism 


mostly central vents 


in the order of 
0.001 to 10 cubic 
kilometers 


preponderantly andesitic; 
subordinately dacito-rhyolitic 


growth of composite 
volcanic cones 


intermediary phases of slow 
subsidence of the orogenic 
upwarps 


magma is erupted either as lava, 
or by explosive escape of gases 


lava sheets, tongues, plugs and 

domes, often with high gradients 
of slope, airfall tuffs, volcanic 
breccias, nu&e ardente deposits 


generally no welding 
of the air-fall tuffs 
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crystallization (only in the centres of very thick 
cooling units). Moreover, at the top fumarolic 
alterations may be found. The uranium deposits 
of the Bolzano province are related with the 
latter (Mittempergher, 1958). 

It is characteristic for such pyroclastic sheets 
and flows that in some parts of it welding occur- 
red, and in others only partial welding or no 
welding at all. The ratio between the welded and 
the non-welded portions of the cooling unit as 
well as the degree of welding depend on the 
composition, the initial temperature, and the size 
of the deposit. 

In Maucher’s definition only the mode of 
transport at the surface (in fluidized suspensions 
of magma particles) and the subsequent welding, 
are mentioned, but not the mode of eruption. 
Nevertheless, the latter is essential for the con- 
cept of ignimbrites. 

There is a general tendency in literature, 
especially in America, to compare ignimbrites 
with deposits of nudes ardentes. In my opinion 
this is a misinterpretation of their eruption 
character, which has its own typical features. 
Nuee ardente deposits of the Pel&an and Vincent 
type result from eruptions of normal volcanic 
cones with central vents. The magma rises in the 
vent in a coherent, partly molten, partly crystal- 
lized state (occasionally with a vapour phase in 
dispersed pores). Its shattering into larger and 
smaller fragments by the explosive escape of 
gases occurs at the surface during the explosion 
of the magma from the vent or the plug and 
during its sliding downslope. 

The temperature of the escaping gas, being at 
first the same as that of the magma, rapidly 
decreases by adiabatic expansion. The temperature 
of the nuces ardentes of the Merapi is so low that 
they rarely set fire to bambu huts. Their initial 
temperature ranges between 800°—1000° C and 
at the foot of the volcano it has dropped to 
400°—450° C (van Bemmelen, 1949, vol. I.A, 
p- 192), which is below the minimum welding 
temperature. 

The volume of such nuee ardente deposits is 
restricted and they are produced by single, short 
outbursts. Their volume does not exceed some 
cubic kilometers. The greatest volumes of erup- 
tions of central vents is produced by the gas or 
Perret phase of the Plinian type of outbursts. In 
those cases some tens of cubic kilometers of ashes 
can be blown out vertically during eruptions 
lasting hours or days, producing air-fall tuff 
sheets. Caldera collapses may result (Krakatau, 
Hakone, Crater Lake). 

In the nuee ardente deposits two parts can be 
distinguished: A lower part of volcanic breccias 


and tuffs laid down by a "ladu”, a pyroclastic 


block and ash flow which during its downslope 
course has followed the terrain depressions 
and the drainage valleys; and an upper 
part consisting of air-fall lapilli and ashes, 
which settled from the hot gas cloud that 
developed by more or less explosive liberation 
of the gases at the eruption centre, and also from 
the ladu. The extent and distribution of these 
air-borne nude ardente deposits is not so limited 
by the terrain depressions as those of the ladu 


(see Neumann van Padang, 1931, 1933; van 


Bemmelen, 1949, vol. 1.A, p. 193). The ladus of 
the nudes ardentes produce volcanic breccias with 
a great variety in the size of the components. 
The ignimbritic deposits are not so clearly 
related with a single central vent of a distinct 
volcanic cone. They tend to be fissure eruptions 
or more or less simultaneous eruptions from 
multiple vents, situated on sets of intersecting 
cracks and fissures in a volcanic complex or 
province. Already inside the top part of the 
supply channel the rising anatectic magma is 
transformed by exsolution of gas into a two- 
phase mixture, namely fragments of the com- 
minuted magma and a continuous gas phase. A 


turbulent suspension of magma particles in a, 


continuous gas phase boils over the rim of the 
fissures as a fluidized system of pumice, glass 
shards, phenocrysts, and xenoliths all surrounded 
by very hot and highly compressed gases, which 
reduce the internal friction to extremely low 
values. This mixture reaches the surface in great 
quantities per time unit. It will show a certain 
ebullition above the site of eruption, and large 
billowing clouds may have risen to great heights. 
But the bulk of the material spread sidewards 
from the eruption fissure, as a pyroclastic ash 
flow of very low viscosity, flooding and bur- 
tying the topography*. 


The volume of such pyroclastic flows surpas- 


ses that of the nuees ardentes 10 to 100 times. 
The spreading out of ignimbritic sheets will take 
days, weeks or even months. Successive eruptions 
may rapidly follow the initial outburst, which 
can be considered as the more or less individu- 
alized pulses of one great eruption. Each layer 
is added before the next underlying layer ap- 
preciably cooled, so that thick sheets can ac- 
cumulate which act as cooling units. The deposit 
is remarkably homogeneous in composition and 
in size of the components. Such voluminous 
pyroclastic flows are a much more efficient 
heat-conserving mechanism than the nuees 


* Rittmann uses the italian term ”traboccare”, which 


is used for the boiling milk that overflows de rim of 
the pan. 


x 


Pen) 


Low viscosity 
(basic composition) 


lava sheets 


medium viscosity 
(intermediary 
composition) 


lava tongues 


high viscosity 


Ä it lava plugs 
(acid composition) 


and domes 


low gas 
content 


ardentes of the Pelean type (Smith, 1960a; Boyd, 
1961). 

Our thesis that the nu&e ardente eruptions and 
the ignimbrite eruptions belong to different 
classes of volcanic eruptions can also be illustra- 
ted by a classification of the volcanic eruption 
according to the viscosity and the gas content 
of the erupted magma (table III). 

However, such classifications are always over- 
simplifications of the natural circumstances (van 
Bemmelen, 1961b). Of course, transistions do 
occur. So there will be transitions between nude 
ardente deposits and ignimbrites, between air-fall 
pumice tuff deposits of Plinian outbursts and 
ignimbrites, between lava flows and ignimbrites. 
In the latter case the Russian speak of "tufo- 
lavas”6. Pantö proposes the term "foam lava”, 
and Choubert suggests the term "ignimulsites””. 


High gas content and low viscosity (basic 
composition) generally do not go together in 
nature. However, an exceptional basaltic fissure 
eruption in the central graben of Iceland, which 
was characterized by the mixing of the magma 
with melt water of the icecap during its ascent 
in the eruption channel, produced the basaltic 
tuff sheet of Dyngjufjöll Yıri (Askja complex). 
This eruption had several characteristics of the 
ignimbritic type of eruptions. It was a fissure 
eruption of a fluidized suspension of magma 
particles in a continuous gas phase, which 
produced a voluminous tuff sheet of great ex- 
tension and with a level surface. Therefore van 


5 See also Rittmann, 1960, p. 254. 


6 See the abstracts of the reports of the Russian 
lectures, presented at the Symposium "”Ignimbrites and 
hyaloclastites”, organized by the International Associa- 
tion of Volcanology of the I.U.G.G. in Catania, Sept. 


1961. 


7 See their papers presented at the same meeting. 
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able II — CLASSIFICATION OF THE ERUPTION TYPES ACCORDING TO THE VISCOSITY AND THE 


GAS CONTENT OF THE MAGMA 


Strombolian 
eruptions 


(Ytri eruption 
of Iceland) 


Vulcanian 
eruptions 


Plinian 
eruptions 


Pelean eruptions 
(nuees ardents) 


ignimbritic 
eruptions 


medium high 
gas content gas content 


Bemmelen and Rutten (1955) have called this 
deposit an ”ignimbrite”. However, because no 
welding occurs in it (only a secondary trass-like 
cementation), and because of the basaltic com- 
position of the deposit, it is not conform to 
Marshall’s definition (1935), so that it is better 
not to call this Ytri tuff sheet an ignimbrite. 
The minimum temperature at which volcanic 
glass shards will weld is a function of pressure 
(by load), time and water content of the glass. 
This minimum temperature at which rhyolitic 
glass will weld is approximately 600° C ac- 
cording to experiments by Smith, Boyd, and 
others. The ”permissible cooling”® is generally 
surpassed by the deposits of nu&es ardentes; but 
pyroclastic flows produced by the ignimbritic 
type of eruptions are of such a large size and 
the cooling by expansion of the gas is enough 
restricted, that welding can occur in the inner 
parts of the deposits (see Boyd, 1961, fig. 11). 
The principle cooling effects during the 
eruption are (1) radiation and conduction during 
emplacement of the pyroclastic flow, (2) cooling 
by exsolution of the gas, and (3) cooling by 
expansion of the gas. According to Boyd (1961) 
the first will have a maximum value of about 
45° C for a layer of 30 m thickness. The drop 
in temperature by radiation and conduction 
being a function of thickness, this factor will be 
less great for thicker flows. The magnitude of 
the two other factores depend on the initial con- 
centration of H,O in the magma. The cooling 
of a rhyolitic magma by reversible, adiabatic 
expansion is nearly linear with initial H,O con- 
centration, on the average 20° C per per cent 
H»0. This condition of reversibility may be 


8 Permissible cooling is defined by Boyd (1961, 
p. 414) as the difference between the initial magma 
temperature and the minimum temperature at which 
welding will take place. 
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approached in relatively quiescent eruptions of 
water-poor magma. But the cooling is probably 
much less than this calculated amount in violent 
eruptions of water-rich magma, such as those of 
the ignimbrite type. 

The permissible cooling decreases with in- 
creasing initial HzO content (for magmas of 
eutectic composition), whereas the total cooling 
during emplacement increases with the initial 
concentration of Hs0. 

According to Boyd (1961, fig. 11 on p. 422) 
both curves intersect at about 4 per cent of 
initial H,O. However, thicker sheets produced 
by paroxysmal ignimbritic eruptions may have 
had a higher initial H,O content, or they may 
have retained after emplacement a temperature 
well above the welding limit. 

Darkening of the pumice fragments into a 
black perlitic glass is a common feature in the 
densely welded parts of ignimbrite sheets. The 
end stage of the welding process is homogeniza- 
tion, producing a dense black glass in which the 
pumiceous fragments and the matrix are mega- 
scopically indistinguishable. Complete obliter- 
ation of shard boundaries, if studied under the 
microscope, has not yet been observed by Smith, 
but he adds the remark, that it will no doubt be 
found. In that case even the microscopic eutaxitic 
structure will no more be an infallible diagnostic 
feature of an ignimbritic rock. 

Maucher (1960, p. 494) considers the 
vitrophyric slab of Tisens to be a degassed lense 
of primary magma at the base of the porphyry 
of Castelruth. However, this vitrophyre as well 
as several others, found at the base of the Bol- 
zano ignimbrites (Ora, etc., personal communica- 
tion by Mittempergher) represent the end stage 
of welding. Their misinterpretation as primary 
obsidian flows is one of the reasons that Maucher 
(1960) greatly restricted the volume of the 
ignimbrites in Bolzano province. 

Andreatta (1959) distinguished two main 
cycles of volcanism in this province. The first 
cycle produced quartzdioritic (trachy-andesitic) 
vulcanites, which grade upward into quartz- 
latites. This series is 200-1000 m thick. It does 
not yet contain conspicuous ignimbrite deposits. 
However, at the stage when the erupted magma 
had attained the quartzlatitic composition the 
second cycle of volcanism set in, which has a 
pronouncedly ignimbritic character. It produced 
the huge amount of ignimbrite deposits of 
quartz-latitic to rhyolitic composition. Presuma- 
bly in a short time some few simple and com- 
posite cooling units were deposited. The non- 
welded tuff layers, which are now found as in- 
tercalations between welded tuffs, are not the 


result of separated eruptions. They are the non- 
welded top parts of cooling units, thus being 
related with the welded tuffs underneath. 

The composition and appearance of the de- 
posits of the second cycle of volcanism in the 
Bolzano Province is not extremely complex, as 
Maucher said (1960 p. 495, sub. 3 & 4). On the 


contrary, it is an extremely homogeneous series, 


about 1000 m thick, composed of some few 
cooling units produced by paroxysmal eruptions 
o! ignimbrites in a relatively short time. Mittem- 
pergher (1958) was the first author who clearly 
recognized the ignimbritic character of this 
second cycle of volcanism in the Bolzano Pro- 
vince. This opinion has been confirmed by field 
studies of the author and his students (Dietzel, 
1960; van Hilten, 1960; Agterberg, 1961). 

The lower permian ignimbrites of Bolzano are 
de deposits is a volcano-tectonic cauldron with a 
diameter of about 65 km. In this cauldron the 
thickness of the ignimbrites amounts to more 
than 1 km. At the centre, situated about 15 km 
ESE of. Bolzano, a holocrystalline granitic rock is 
exposed at their base in the Carezza Valley.” 
During the alpine orogenesis this plate has been 
deformed. From this central area tongues of 
ignimbrite deposits spread radially over distances 
of more than 100 km. 

The total volume of the Bolzano ignimbrites 
amounts to the order of several thousands of 
cubic kilometers. As a whole this volcanism of 
the Bolzano province can be considered as the 
velcanic aftermath of the hercynian era of 
mountain building (Accordi, 1959), rather than 
as the initiation of the Alpine cycle of geo- 
synclinal subsidence. It was a period with con- 
siderable relief and coarsely detrital deposits 
preceded as well as followed the ignimbritic vol- 
canism. 

The permian paleomagnetic pole of the Bol- 
zano field, deviates strongly from the permian 
poles in those parts of Europe which are not 
afflicted by alpine mountain building. The per- 
mian pole around Bolzano shows an anticlockwise 
rotation of some tens of degrees with respect to 
the other ones. This might be the result of con- 
tinental drifting movements (van Hilten, 1960, 
1961), or of rotation of more restricted crustal 
blocks during the formation of the Alpine Nap- 
pes (van Bemmelen, 1960, 1961).- 

At present the author conducts a research 


® This exposure was shown by Mittembergher to 


Rittmann and the author during the excursion of the 
Geologische Vereinigung in 1959. A closer study is 
needed, however, to determine, whether this is a 
plutonic rock (laccolithic intrusion) or a recrystallized 
granophyric part of an ignimbrite. 
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program by geology and geophysics students of 


the University of Utrecht, which tries to delimit 
this rotation of the permian pole in time and in 
‚ atea. The results of these diagnostic observations 


have to be awaited before further conclusions 
can be drawn. 


3. RELATIONS BETWEEN OROGENESIS AND 
IGNIMBRITE ERUPTIONS IN THE CORDILLERAN 
SYSTEM OF NORTH AMERICA 


In the first part of 1961 the author made a 
lecture tour through the U.S.A., organized by the 


' American Geological Institute and financed by 


the American Science Foundation. During this 


tour also field excursions were made to three 


major ignimbrite deposits of the Cordilleran 
System. 

l) The Bishoptuffs in California, described by 
Ch. M. Gilbert (1938). This excursion was 
arranged by the U.S. Geological Survey (Menlo 
Park Division) and guided by R. L. Smith. 

2) The Chiricahua National Monument in Ari- 
zona, described by H. E. Enslow (1955) during 
an excursion with the Arizona Geological Society, 
guided by Prof. E. B. Mayo (Tucson, Arizona). 
3) The Superior ignimbrite field, visited with the 
Arizona Geological Society, guided by Donald W. 
Peterson of the U.S. Geol. Soc. (Menlo Park 
Division, California). 

Moreover, the author could discuss ignim- 
brites with some experts of the U.S. Geological 
Survey at Washington, D.C., at Denver (Col), 
and at Menlo Park (Cal.), and also with F. R. 
Boyd of the Geophysical Laboratory of the Car- 
negie Institute at Washington, D.C. 

The ignimbrites of the Cordilleran System 
have their greatest distribution in the Great 
Basin District, where they range in age all 
through the Cenozoic with a possible maximum 
in younger tertiary time. The ignimbritic erup- 
tions accompanied the block faulting of the 
Great Basin District in post-laramide time 
(Mackin, 1960). 

Like in Indonesia, there is a distinct relation 
between the upwarping of the crust and the 
eruption of these acid flood tuffs. The oldest 
ignimbrites overlie unconformably folded, faulted 
and eroded late Cretaceous and older rocks of 
the Great Basin District. They are associated 
with the block faulting in that area. Their 
aggregate volume is estimated to be at least 
200,000 cb.km. (Mackin, 1960, p. se! 

The eruption of such huge amounts of acid 


10 E. F. Cook, in a paper, read at the Catania meeting, 
1.A.V. 1961, estimates the volume of the ignimbrites in 
the Great Basin District of Nevada and Utah on the 
order of 140,000 cb.km. 
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magma must have been volumetrically com- 
pensated by a comparable subsidence of the un- 
derlying basement complex. Figure 2 is a sche- 
matic section across the Cordilleran System 
between the Colorado Plateau and the Pacific, 
somewhat south of 37° N Jlatitude. It is about 
1000 kilometers long and the vertical scale is 
exaggerated 10 times. The surface observations 
indicate that the Cordilleran System can be con- 
sidered as a gigantic upwarp with a wave length 
of about 800 km, and an amplitude of about 6 
km. The central part of this geotumor, about 
625 km wide in this section, collapsed and 
forms at present the Great Basin District. The 
Basin and Range Structure in this district is 
partly the result of real crustal stretching (Thomp- 
son, 1960), which caused a thinning of the crust 
and a reduction of the average surface altitude. 
The correlation between the convex side of the 
curved major faults and the direction of the tilt 
of the fault blocks is also a strong argument for 
real stretching (J. Moore, 1960). Therefore, the 
altitude of this Cordilleran geotumor never 
reached that of the dashed line indicated on the 
section. 

The basement complex subsided on the average 
an additional half a kilometer, due to the 
eruption of the acid magma from underneath. 
This subsidence will be concentrated in volcano- 
tectonic cauldrons and graben. The huge amount 
of acid magma erupted by the ignimbritic 
eruptions excludes the possibility that this 
magma is the product of crystallization differen- 
tiation of a primary basaltic magma. It represents 
most probably the rheomorphic, partially molten 
lower part of the sialic crust (”Bathyderma”). 
Experiments by Winkler (1960) indicate that 
selective fusion of clays at temperatures above 
720° © and at 2000 atmospheres (in some cased 
with added NaCl and CaCO3) produced aplitic, 
granitic and granodioritic melts and a crystalline 
residue of more calcic and mafic composition. 
Such an anatectic melt is probably comparable 
with the reborn (palingenic) acid magma pro- 
duced by migmatization. 

Under the conditions of crustal stretching and 
Basin-Range tectonics this anatectic magma has 
been erupted along tension fissures, flooding the 
surface with ignimbrites (— "flood tuffs”). 

In the Yellowstone Park Area a similar process 

of doming and accompanying ignimbritic erup- 
tions occurred, though at a smaller scale than ın 
the Great Basin District. 
This area represents a collapsed dome, compar- 
able in size with the Batak tumor of North Su- 
matra, the top of which is occupied by the Toba 
cauldron. 
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Fig) 2° Schematic section across the Cordilleran System (about 37° North. Lat.) 


The basic concept of this section is that the Cordil- 
leran System represents a crustal upwarp, about 1000 
km wide, with an amplitude of about 6 km. This 
geotumor spreads gravitationally oceanward, causing the 
collaps and block-faulting (Basin-Range structures) in 
the crestal part (The Great Basin District). This upwarp 
was primarily the result of a buoyant magmatic blister, 
which has a basaltic composition in its lower part and 
an acid anatectic character in its upper part. 

The long dashed lines, as in the asthenolith, re- 
Present movement lines, deformation by flow of initi- 
ally straight imaginary vertical lines. These deformations 
indicate the outward flow or spreading of the mag- 
matic blister during and after its uplift. The long 
dashed lines in the mantle indicate the deformations 
due to the counterflow of this mass-circuit. 

The mass-circuit, thus indicated in this section, is 
the result of the buoyancy of a cenozoic asthenolith. 
Its sideward (oceanward) spreading caused a lateral 
injection into the adjacent Sierra Nevada belt, where 
it acted as a wedge. This wedge like intrusion had two 
mechanical effects. The magmatic wedge pushed 
upward and westward the upper part of this belt which 
has a sialic composition (the crystalline basement com- 
plex). This uplift was accompanied by forceful em- 
placements of acid batholiths in the rear of the Sierra 
Nevada block. Such intrusions occasionally reached the 
surface, forming for instance the Bishop ignimbrites in 
the Owen Valley (Gilbert, 1938). 

At the base of the injected magmatic wedge the 
heavier, more basic lower part of the Sierra Nevada 
belt was pushed downward. This downward movement 
has two reasons. First, there is the strive for main- 
taining isostatic balance under the load of the rising 
upper part of the Sierra block; second, this lower part 
or ”root” of the Sierra block forms a link in the 
above mentioned mass-circuit, which is a coherent 
hydraulic energy-system. 

After such a phase of uplift and spreading of a 
buoyant magmatic blister there will follow a time of 
cooling, differentiation and crystallization of the blister. 

During this cooling phase the basaltic lower part of 
the injection will split up into an ultramafic (perido- 
titic) layer at its base and a less basic upper layer. The 
granitic upper part of the injected wedge and the 
anatectic pyromagma will produce metasomatic altera- 
tions, granitizations, pneumatolytic and hydrotermal 
alterations of the country rocks. 

After the acid upper part of the blister has crystal- 
lized, dike-swarms and effusions of the still hot basaltic 
lower part are to be expected (post-orogenic plateau- 
basalts, such as those of the Big Pine basaltfield in 
the Owen Valley in this section, and the Little Lake 
plateaubasalts somewhat farther south). 

The increasing density of the igneous rocks during 
this phase of cooling and crystallizations causes a 
general tendency for the subsidence and foundering of 
the toppart of the original tumor (van Bemmelen, 
1960). \ 

During the orogenic history of the Cordilleran 
System repeated cycles of buoyancy and foundering of 
magmatic blisters in the geosynclinal belt occurred, 
giving rise to undation systems (see for instance Os- 
mond’s paper, 1960). 

During the upper-mesozoic part of this history the 
Sierra Nevada belt was subjected to successive batho- 
lithic intrusions of quartz-diorites and granodiorites in 
its upper part, whilst in its lower part an alternation 
of layers of basic to ultrabasic composition accumu- 
lated. Thus a cross-section came into being, which 
might have a general structure as indicated in, this 
figure. This structure is also conform to the seismic 
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data, as analysed by Frank Press (J. of Geoph. 
Research, 1960). y 

A complication in the Cordilleran cross section 
results from the transcurrent movements along the San 
Andreas lineament. The latter represents a geotectonic 
movement independant of the Cordilleran mass-circuits. 
Crustal slivers have been displaced northward more. or 
less parallel to the Pacific Coastline. Moreover, this 
lineament, which is probably the outcrop of a deep 
mantle fault, has been pushed outward (oceanward) 
by the spreading of the Great Basin District. The 
aifference of oceanward spreading between the Great 
Basin District and the southern part of the Cordilleran 
System in South Arizona and Mexico, probably caused 
the left lateral offset of the San Andreas lineament 
along the Garlock Fault (+ 64 km). 

Though the San Andreas is called a deep mantle 
fault, this does not imply that movements along the 
deeper parts of this fault are always accompanied by 
seismic shocks. The earthquake foci along this fault 
zone are seldom deeper than 30-40 km; that is, they 
are more restricted to the crust above the Moho-dis- 
continuity. 

This section is of course only a generalized model. 
Ir does not intend to solve local problems of tectonics 
and igneous history. It tries only to provide a geo- 
tectonic setting, which shows a mechanically logical 
relationship between the structural processes. This geo- 
tectonic setting is thought to be the result of a buoyant 
mass-circuit beneath the crust caused by a magmatic 
blister. The corresponding tumor caused gravitational 
reactions in the upper branch of the circuit, directed 
from the top part of the tumor toward the ocean 
(stretching in the Great Basin District of Nevada and 
Utah, and comptression in California), and concomit- 
tant volcanic eruptions in the top part. The volcanic 
outbursts are partly of the ignimbritic type, derived 
from the anatectic magma in the upper part of the 
blister, partly this volcanism had the character of more 
quiet, though voluminous outflows of the plateau 
basaltic type, derived from the lower part of the 
blister. The basaltic eruptions are generally younger, 
as they could occur only after the cooling and con- 
solidation of the anatectic magma on top of it. In the 
northern part of the Cordilleran System of the U.S.A. 
the younger basalt plateau flows are dominating fea- 
tures (Columbia Plateau, Snake River Basin). 

Moreover, the section across the Great Basin District 
is grossly schematic. Only the irregular rise of the 
temperature front and the emanations from the under- 
lying asthenolith is roughly indicated by dashed lines. 

We should realize, however, that in such a situation, 
where a basement complex with rock densities in the 
order of 2.7—2.8 overlies an extensive sheet of gas- 
loaden anatectic magma with densities of 2,5—2.6, an 
inversion of the stable crustal density stratification has 
developed. The roof of the blister became too heavy; 
consequently large blocks of the roof began to sink 
down into the underlying magmatic basin. This is a 
process of major stoping by means of foundering mass- 
circuits at the base of the crystalline basement complex, 
forming great laccolithic to sill-like intrusions (van 
Bemmelen, 1937, 1957, 1958). The acid pyromagma 
is sucked up into the potential voids at shallower 
levels at the top of the foundering blocks. This process 
may repeat itself several times in quick successions, 
and ultimately the pyromagma reaches the surface, 
causing voluminous eruptions of ignimbrites. Such 
substages in the ascent of the anatectic pyromagma are 
not indicated on this section. 

Moreover, it is clear that the density of 2.5-2.6 assigned 
to the upper part of the blister, will be realized only 
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during the acme of its activity. Thereafter its density 
will rise again due to cooling and crystallization. 
Probably the lower part of the sialic crust has never 
been entirely molten, and the anatectic pyromagma 
occupied layers and pockets amidst of denser parts. 
The lower boundary of this zone of anatexis is 
indicated on the section by an arbitrary line. Its po- 
sition should be estimated according to analyses of 
gravimetric and seismic data, which has not been done 


by the author. Such an analysis has recently been 
published by Diment, Stewart, and Roller (1961), 
based on the seismic shocks caused by nuclear ex- 
plosions at the Nevada Test Site. 


Acknowledgement: ‘The author wants to thank 
Robert E. Wallace, Chief Southwestern Branch of the 
U.S. Geological Survey (Menlo Park, Cal.) for helpful 
criticism and suggestions concerning this section. 
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In the Yellowstone Park three cycles of vol- 
canism can be distinguished: ! 

l. A first, eo-oligocene cycle of basalto-an- 
desitic volcanism, which produced the Absaroka 
volcanics. This cycle is comparable with the "Old 
Andesite Series” of Sumatra. 

I. After erosion followed a second, oligo- 
miocene cycle of andesitic volcanism which in- 
cludes trachy-rhyolites ("Intermediate Andesite 
Series”). 

II. Another interval of erosion separates this 
second cycle from a third one of pliocene age, 
which produced the Yellowstone Park volcanics 
sensu stricto. 

This third series can be subdivided into three 
substages (compare table I in Boyd, 1961). 

Illa. Doming with initial explosions, producing 
pumice breccias (Red Mountain rhyolite) and 
thyolite flows (Jackson flows). 

Ulb. Ignimbritic paroxysm and collapse of the 

top part. 
Initial explosions (pumice breccias of Purple 
Mountain), followed by the main paroxysm, the 
eruption of the Yellowstone tuffs. The latter 
were produced by the ignimbrite type of erup- 
tions. They have an aggregate volume of about 
2000 cb.km, that is the same order of magnitude 
as the volume of the Toba tuffs. The eruption 
of the Yellowstone tuffs was accompanied by 
the collapse of the top part of the tumor. 

Ilc. Post collapse volcanism. 

This central basin or cauldron was then in- 
undated by rhyolite (and some basalt) flows. 
These flows now occupy the Yellowstone Park 
plateau with an area of about 2500 sq.km. They 
have an aggregate volume of about 800 cb.km. 
One of the largest separate units is the Pitch- 
stone Plateau flow, which occupies an area of 
c. 250 sq.km, and has a volume of about 40 
cb.km. 


4. GENERAL CONCLUSIONS 


The foregoing discussion of the volcanology 
and geology of ignimbrite deposits in Indonesia, 
North Italy and the United States of North 
America may be summarized into the following 
general conclusions: 


a) Ignimbrite eruptions accompany impulses 


of tectonic uplift (doming up) (Table I and 
Hort), 

b) Ignimbrite eruptions differ from those of 
the normal orogenic volcanism (Table II). 


c) Ignimbrite eruptions may not be compared 
with the nude ardente type of eruptions. "They 
belong to different groups in the viscosity- 
gascontent classification of volcanic eruptions 
(Table II). 


d) Ignimbrites are produced by rapid, volu- 
minous eruptions of anatectic magma, that is 
reborn magma, formed by partial melting of the 
lower part of the sialic crust during an orogenic 
cycle of evolution. 


e) Ignimbrites can be called "flood tuffs”. 
They form the synorogenic, acid counterpart of 
the post-orogenic, basic plateau basalts, which 
were termed "flood basalts” by Tyrrell. 
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ON THE GEOLOGY AND PETROLOGY OF THE CAPE SMITH - WAKEHAM BAY 
BELT, UNGAVA, QUEBEC 


]J. C. STAM 


ABSTRACT 


The geology and petrology of an area in the western 
part of the Cape Smith—\Wakeham Bay Belt, Quebec 
is described. A comparison of the various formations 
and their metamorphic characteristics is made and a 
cross-section is given, indicating the tectonic structure 
of the Belt. 


INTRODUCTION 


The northern part of the Ungava Peninsula in 
northern Quebec is traversed by a belt of volcanic 
and sedimentary formations, to some degree 
comparable to the formations of the Labrador 
Trough in eastern Quebec. This belt is usually 
called the Cape Smith - Wakeham Bay Belt, 
after the localities at its western and eastern end. 
Previous work in this area was done among 
others by Low (13) who was the first to notice 
these formations during his investigations in 
1898; by Airth (1) who studied the mineral- 
ization in the Cape Smith area in 1931 and 1932; 
by Gunning (10) who made an extensive study 
of the formations in the same area in 1933, and 
by Burns (5) who made geological observations 
along the coast of Hudson Bay in 1949. In 1957 
the Cape Smith - Wakeham Bay Belt was the 
object of an extensive exploration programme, 
carried out by various mining companies, in- 
terested in the mineral wealth of this part of 
the country. Furthermore a reconnaissance survey 
was undertaken by the Quebec Department of 
Mines to outline the boundaries of the belt 
(Bergeron 2 and 3). The results of this recon- 
naissance survey can be summarized as follows: 
(see fig. 1). The formations of the belt are of 
late precambrian age, they consist of a metamor- 
phosed series of volcanics, basic intrusions and 
sediments, unconformably overlying an early 
precambrian granite to the south. They are 
divided into an Upper Series and a Lower Series, 
separated by an unconformity. 

In the northern part of the belt, metamorphism 


is rather strong and the formations pass gradually 
into paragneisses and migmatites which occupy 
this part of the Ungava Peninsula. A thrustfault, 
here referred to as "Northern Thrustfault”, ex- 
tends roughly east-west through the entire belt, 
bringing highly metamorphosed formations of 
the Upper Series to the north into contact with 
less metamorphosed formations of the same 
series t0 the south. The plane of the thrustfault 
dips rather steeply to the north. 

During the summer of 1957 the author spent 
some time in the western part of the belt and 
had an opportunity to study the geology south 


of the thrustfault, between the rivers Illukotat, 


and Korak, in the vicinity of Mosquito Bay. The 
results of these investigations are presented in 
this paper. 


AREA SOUTH OF THE CHUKOTAT RIVER 


In that part of the investigated area which is 
located south of the Chukotat River three for- 
mations Occur: 


a. Granite, forming the basement of the belt. 
b. Sedimentary Series, forming the lower part of 
the formations within the belt. 
c. Volcanic Series, forming the main formation 
within the belt. 
The Sedimentary Series and the Volcanic 
Series south of the Chukotat River coincide al- 
most exactly with Bergeron’s "Lower Series”. 


a. Granite 


The granite to the south of the belt formations 
belongs to the Keewatin Province, one of the 
old continental nuclei of the Canadian Shield. 
From various descriptions this province seems to 
consist mainly of a complex of granite and 
granite-gneiss, rich in basic inclusions and con- 
taining, in places, large zones of volcanics and 
to a minor degree of sediments, more or less 
metamorphosed and granitized. This complex is 


_ cut by pegmatites which are about 2500 million 
‚ years old. PRO 
Outcrops of granite were observed in the south- 
east corner of the investigated area. The granite 
‚ here is grey topinkish in colour and medium to 
fine grained. In the field, away from the vicinity of 
the contact with the belt formations, no gneissosity 
was noticed and no remnants of older formations 
were found. In thin section, quartz,  albite- 
oligoclase and orthoclase are present in roughly 
equal quantities. Both orthoclase and plagioclase 
show alteration into sericite and minerals of the 
epidote group and the orthoclase shows a rather 
strong albitization. A second potash feldspar is 
present in the form of microline, showing 
characteristic twinning. The microline occurs in 
much smaller quantities than the other feldspars 
and is relatively fresh, without alteration. Some 
biotite, partly altered into chlorite, is present, 
indicating its magmatic origin by rutile inclusions 
in the form of sagenite. Accessory minerals in- 
clude apatite, zircon and sphene. The sphene 
shows a very strong pleochroism with. n «a 
colourless, n $# = light green and n y = red. 
Some recrystallization of the quartz, the presence 
of muscovite flakes in the feldspar and the 
occurence of epidote, a colourless sphene and 
some flake-like biotite, which can easily be 
distinguished from. the magmatic biotite, point 
to some metamorphic activity. This metamorphic 
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activity could also be responsible for the albitiz- 
ation of the orthoclase and the occurence of 
microcline. \ 
About 1 km from the contact with the belt 
formations, the granite passes gradually into a 
grey coloured gneiss; the gneissosity is not very‘ 
pronounced at first but increases towards the 
contact. Calcite becomes an important constituent, 
more or less cementing parts of the original gra- 
nite together and locally fine grained quartz and 
albite invade the gneiss in small veinlets. In thin 
sections of the gneiss, the quartz is strongly 
recrystallized, the albite shows very strong 
sericitization and the orthoclase shows stronger 
albitization than in the granite to the south. 
Locally chessboard-like twinning is observed in 
'the albite. Microcline is no longer present. Biotite 
and epidote diminish in quantity and muscovite 
gradually takes their place. Very fine grained 
magnetite and hematite occur, enclosed mainly 
in the feldspar, but also in the calcite, muscovite 
and quartz. 

At the contact with the belt formations the 
gueiss passes into an almost completely recrystal- 
lized quartz-albite-muscovite schist, showing a 
strong schistosity with alternation of thin layers 
of quartz, albite and some muscovite with layers 
almost entirely formed of muscovite. Crystal 
aggregates of magnetite and hematite. occur, 
elongated in the direction of the schistosity. 
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b. Sedimentary Series 


The granite and granite-gneiss is overlain by 
a series of mainly sedimentary origin with some 
volcanic intercalations. This series was investig- 
ated near the Korak River, where its present 
total thickness is approximately 1000 meters. 
At the base, rather thin-bedded fine grained 
bluish grey dolomites occur, alternating with 
white to slightly yellow quartzites. Small quartz 
veins with some pyrrhotite and pyrite were 
observed cutting through these layers, the pyrite 
crystals reaching a size of 5 mm. Overlying the 
dolomites and quartzites are fine grained greyish 
coloured metamorphosed sediments, ranging 
from quartz-albite-biotite-chlorite schists to 


quartz-chlorite-biotite schists. Injection of quartz, 


or quartz-albite veinlets of several mm. wide, 
mostly parallel to the schistosity, occurs locally. 
Some minor folding has been observed in these 
formations. 

Iron-formation, consisting of interbedded chert 
and hematite-rich chert layers is reported to 
occur at the base of the sediments, just east of 
the investigated area. (Bergeron 2). 

A study of thin sections shows that the schists 
are composed of quartz, albite, chlorite and 
biotite in varying quantities. Other metamorphic 
minerals, occuring in smaller quantities are: 
sericite, sphene, calcite, epidote and locally a 
pinkish, slightly pleochroic orthite. A few 
crystals and crystal aggregates of tourmaline can 
usually be found, pointing to some pneumatolitic 
action. Original detrital minerals such as apatite, 
zircon and the strongly pleochroic variety of 
sphene are present. This last mineral indicates 
that the granite-gneiss complex to the south was 
the source of the sediments. Opaque minerals 
include magnetite, leucoxene and pyrite. 

In some places recrystallization has not been 
complete and the original minerals are still 
partly preserved. This is the case with a meta- 
morphosed arkose on the north shore of the 
Korak River. Quartz is the most important con- 
stituent here, it is strongly recrystallized; original 
albite and orthoclase are both present but in 
lesser quantities. Among the metamorphic 
minerals biotite is the most important, surround- 
ing the quartz grains in little flakes. In addition, 
sericite, sphene, chlorite and some tourmaline 
occur. 

Alternating with the metamorphosed sediments 
are some dark grey, fine to medium grained, 
slightly schistose amphibolites, representing 
volcanic intercalations in the sediments. Under 
the microscope they show a very fine groundmass 
of albite, sphene, minerals of the epidote group, 
chlorite and sericite. In this groundmass larger 


crystals occur, the most important one is amphi- 
bole which is present in three varieties. A first 
variety, with a pleochroism from na = yellow 
to colourless, nd? = ny = brownish, seems to 
be a magmatic hornblende, a second, colourless 
hornblende, which is the most common variety, 
has possibly been derived from an original 
pyroxene, and the third variety, an actinolitic 
amphibole, pleochroic in faint greenish-blue 
colours, is obviously a later metamorphic mineral. 
Other minerals are fine grained aggregates and 
larger, irregular crystal groups of epidote and 
clino-zoisite. Sphene occurs as an original mag- 
matic constituent in idiomorphic crystals but 
also as a metamorphic mineral in fine grained 
aggregates. Porphyroblastic albite crystals are 
present to some extent. Apatite should be men- 
tioned as an accessory mineral and pyrite and 
magnetite are among the opaque minerals. Some 
secondary veinlets contain prehnite. 


c. Volcanic Series 


Resting upon the metamorphosed sediments is 
a series mainly of igneous origin. The most 
common rocktype is a greyish green fine grained 
metamorphosed lava, which, south of the Iktotat 
River is now predominantly massif and north of 
this river usually still shows some evidence of 
pillow structures. Metamorphism of these lavas 
is generally in the greenschist facies. Intercalated 
in this series are a few minor layers composed 
of tuffs or sediments derived from volcanics. 
Very locally more quartzitic layers have been 
observed. 

Under the microscope the more massif lavas, 
south of the Iktotat River show complete re- 
crystallization. The most important minerals are 
epidote, clino-zoisite, actinolitic amphibole, 
albite, chlorite and sphene. Epidote and clino- 
zoisite occur mostly as irregular crystal aggregates, 
but idioblastic crystals are also found. The 
actinolitic amphibole, mostly occuring as needle- 
shaped crystals, shows usually a weak pleochroism 
from na = colourless, n ß — yellow to yellow 
green and ny = light green to faint bluish 
green. Locally the amphibole crystals show a 
varying colour intensity from light to darker, 
which could indicate that the metamorphic 
facies locally reaches from the greenschist facies 
into the albite-epidote-amphibolite facies, the 
darker amphibole being Turner's ”deep blue 
green amphibole variety with a composition 
approaching actinolite”, typical for this facies. 
Albite is present in varying quantities, mostly as 
small crystals between the other minerals, but 
porphyroblastic crystals occur locally. Chlorite is 
often present, and may form an important con- 


ah ; 
 stituent of the rock, occuring as little flakes or 


as crystal aggregates. Sphene is a constant mineral 
in all these rocks, it occurs mostly as fine grained 
aggregates; when schistosity is present these 
aggregates show an elongation in the direction 
of the schistosity. Quartz is usually present to 
some extent, mainly of secondary origin and 
biotite occurs in small quantities in the green- 
schists closest to the contact with the meta- 
morphosed sediments of the Sedimentary Series. 
It is found up to about 1500 meters north of this 
contact. The biotite is a lightly coloured variety 
and occurs in flake-like crystals. A needle-shaped 
biotite-like mineral with cross-cleavage was 
determined as stilpnomelane; it is locally present 
in small quantities. Some calcite is mostly 
present and in some cases it can become an 
important constituent of the rock. The opaque 
minerals are: magnetite, hematite, limonite and 
little specks of pyrite and pyrrhotite. 

Between the Iktotat River and the Chukotat 
River, the lavas usually show still some evidence 
of pillow structures. They are however similar 
in composition to the more massif lavas to the 
south and show the same metamorphic facies. 
Recrystallization, however, has not been so com- 
plete here; the lavas show under the microscope 
a very fine grained groundmass of actinolite, 
albite, sphene, saussurite and other minerals of 
the epidote group, in which slightly larger crystals 
of albite occur and aggregates of calcite, opaque 
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minerals and epidote, sometimes with chlorite 
and, actinolite. These aggregates are probably 
derived from original phenoctysts. There is some 
variation in the size of the metamorphic minerals 
of the groundmass, probably indicating slight 
variations in the time during which the con- 
ditions of metamorphism in the greenschists- 
facies prevailed. The interstices between the 
pillows are filled with an aggregate of epidote, 
zoned clino-zoisite with somewhat cloudy cores, 
muscovite, quartz, calcite, sphene, fine grained 
chlorite and hematite. 

In the metamorphosed lavas of the Volcanic 
Series not much evidence is left of original 
textures. In some cases larger crystals of acti- 
nolitic amphibole occur in a more finely grained 
groundmass. These crystals are probably derived 
from original phenocrysts. The rather short 
development in the direction of the C-axis 
suggests that the original mineral was pyroxene. 
The presence of chloritic inclusions in these 
amphibole crystals supports this, the process 
envisaged being: a) Formation of hornblende at 
a late magmatic stage at the expense of pyroxene. 
b) Transformation during metamorphism of 
hornblende into actinolitic amphibole and of 
pyroxene relics into chlorite. These rocktypes 
could have been derived from original micro- 
gabbro or micro-norite. When, as is the case 
locally, albite inclusions occur in the amphibole 
crystals, suggesting an original ophitic texture, 
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the original rocktype could have been a diabase. 
Most of the greenschists however are believed 
to have been derived from lavas of andesitic 
composition. 

The gradual decrease in a northerly direction 
of the intensity of metamorphism is also 
demonstrated by one of the micro-gabbros, out- 
cropping just north of the Chukotat River. Here 
augite phenocrysts are still. present and they 
show only a slight alteration into chlorite and, 
along their borders, into actinolitic amphibole. 
The original feldspar phenocrysts "have been 
changed into albite and saussurite. The ground- 
mass has been altered into albite, epidote, acti- 
nolite, calcite and chlorite. 

Though the metamorphosed lavas as a whole 

show only little or no schistosity, there occur 
zones which seem to have absorbed all movement 
and the result is a schistose, fine grained, green- 
ish rock, showing almost the same mineral 
composition as the non-schistose lavas, but the 
metamorphic minerals show a very strong 
orientation in the direction of the schistosity and 
more quartz is present, mainly of secondary 
origin. Locally small quartz-calcite veinlets are 
found. The most pronounced of these schistose 
zones occurs directly north of the Korak River, 
at the base of the Volcanic Series. 
Mostly however, movement seems to be restricted 
to sedimentary zones which occur locally between 
the metamorphosed lavas. Their width varies 
between 3 and 10 meters, they are mostly very 
fine grained shales, dark grey to black in colour, 
showing,a strong schistosity. They seem to have 
a composition similar to the lavas and are either 
tuffs or sediments entirely built up from vol- 
canic material during a relatively short period 
of little or no volcanic activity. They show the 
same metamorphism as the other rocktypes, 
minerals of the epidote group, actinolite and 
albite are the main constituents, together with 
opaque minerals, mostly magnetite. Some sericite 
and quartz also occur and tourmaline has been 
found in some of the shales, possibly pointing 
to some pneumatolitic activity. In places the 
shales show under the microscope an alternation 
of thin bands with slightly different mineralogi- 
cal composition, this is probably a primary 
stratification, accentuated by metamorphism. 

A mineral locally occuring in large quantities 
in the shales is stilpnomelane. Though it is 
occasionally found in the lavas, it is never an 
important mineral in these rocks. In some of the 
shales north of Mosquito Bay however it occurs 
in aggregates together with secondary quartz. 
These aggregates are up to 5 mm in size. Smaller 
aggregates of stilpnomelane together with acti- 


nolite occur around the first ones. 


Some of the sedimentary layers are more 


quartzitic in composition. In these quartzitic 


layers, sphene has been noticed as a detrital 
mineral, it is the same strongly pleochroic 
variety that has been found in the granite-gneiss 
complex to the south, suggesting that this com- 
plex provided at least part of the material. 
Intercalated in the Volcanic Series some bodies 


of plutonic origin occur. They are dark grey, 


x 
v 


medium to coarse grained rocks. The first of 


these bodies occurs in the form of a sill, just 
north of the Korak River, at the base of the 
Volcanic Series. The main constituents of this 
rock are amphibole and feldspar, the amphibole 
showing a great variety. A hornblende with a 
pleochroism of na light yellow brown, n ß 
— greenish brown and ny = olive, is probably 
an original magmatic hornblende. This mag- 
matic hornblende is partly altered into a colour- 
less to light green, slightly pleochroic amphibole 
of tremolitic-actinolitic composition. This same 
type of amphibole occurs also as rather short 
crystals, still showing herringbone structures, in 
this case it is probably derived from pyroxene 
by uralitisation. A third amphibole, occuring as 
rims around the other amphiboles and as small 
elongated separate crystals shows a pleochroism 
of na = yellowish, nd = grassgreen and ny 
— bluish green; it is probably the amphibole 
variety indicative of Turner’s albite-epidote- 
amphibolite facies. The feldspar is an albite to 
albite-oligoclase, mostly containing saussurite in- 
clusions. Biotite is present with rutile inclusions 
in the form of sagenite, indicating its magmatic 


“origin. Part of the biotite however, occuring in 
aggregates of small flakes, is of metamorphic. 


origin. Secondary quartz is present but part of 
the quartz may be of primary origin. Among the 
opaque minerals magnetite, surrounded by a 
rim of sphene, is the most important. Accessory 
minerals are: apatite and zircon, the former in 
rather large crystals. This intrusive sill is very 
probably a gabbro or norite, metamorphosed in 
the albite-epidote-amphibolite facies; the absence 
of minerals of the epidote group (except from 
saussurite) shows that metamorphism approaches 
the amphibolite facies. This rocktype could ade- 
quately be named a saussurite amphibolite. 

A second body of plutonic origin occurs 
slightly north of the first one. Here essentially 
the same rocktype occurs but the metamorphic 
grade is lower. In the colourless to light green 
amphibole, relics of an augitic pyroxene are still 
present and no dark green metamorphic 
amphibole has been found. The metamorphic 
amphibole here is a lightly coloured actinolitic 
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amphibole with a pleochroism of na — colour- 
less to light green, n ö = light green and ny = 
light bluish green. In addition, minerals of the 
epidote group occur here in large quantities. For 
this metamorphosed gabbro or norite the name 
epidote-albite-amphibolite is more adequate. 

This gabbro or norite occurs together with a 
light greyish to pink, medium grained rocktype. 
Locally the contact between the two different 
rocktypes is sharp but in places they pass 
gradually into each other. This last rocktype 
consists mainly of albite, calcite and sericite. 
Some epidote and sphene are present and 
chlorite occurs locally in large quantities. Rutile 
occurs in rather large crystal aggregates. Among 
the opaque minerals hematite, limonite, leuco- 
xene, magnetite, pyrite and -pyrrhotite should be 
mentioned. These. albite-calcite-rocks are con- 
sidered to be formed by propylitization of 
diorites, originally associated with the gabbro or 
norite. 

The sequence within the Sedimentary Series 
and the Volcanic Series in the area south of the 
Chukotat River is furthermore illustrated in 
fig. 3 and 4. Fig. 3 represents a profile in the 
south east corner of this area, extending from 
the granite-gneiss complex, through the Sedi- 
mentary Series into the Volcanic Series and fig. 4 
represents a detail profile through part of the 
Volcanic Series, just north of Mosquito Bay. 


AREA NORTH OF THE CHUKOTAT RIVER 


The formations in this area are very similar 
to the formations in the area between the Korak 
and Chukotat Rivers. They can likewise be 
divided into two series: 


N.N.W 


Alluvio! 


a. Sedimentary Series, forming the lower part of 
the formations. 

b. Volcanic Series, forming the main part of the 
formations and continuing north, outside the 
investigated area. 

These two series coincide more or less with 

Bergeron’s "Upper Series”. 


a. Sedimentary Series 


Just north of the Chukotat River a series of 
metamorphosed sediments with some minor vol- 
canic intercalations occurs. The general strike of 
this series slightly deviates from the strike of 
the metamorphosed volcanics to the south and 
the dip is 40° north whereas the volcanics dip 
60-80° north. Some minor folding is observed 
at the base of the series but this folding seems 
to increase towards the west (Gunning 10). The 
total thickness of the sediments with the inter- 
calated volcanics is of the order of 500 meters. 
The sediments are very fine grained, grey to 
greenish in colour and quartzitic in appearance. 
The most prominent mineral is sericite, which is 
always present in star-shaped aggregates, forming 
up to 75% of the rock, locally the sericite 
occurs in aggregates together with pyrrhotite. 
Quartz too is an important constituent and some 
of the sediments are almost entirely composed 
of fine grained quartz and albite. Porphyroblastic 
crystals of calcite are rather frequent in some of 
the sediments and in places small needles of 
stilpnomelane and of actinolitic amphibole are 
present. Detrital zircon and sphene occur, the 
last mineral showing the same strong pleochroism 
as the sphene in the granite-gneiss complex to 
the south. Fine grained concordant as well as 
discordant quartz veinlets of several mm width 
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are locally observed and always the boundaries 
of these veinlets are marked by an abundant 
. occurence of stilpnomelane, sometimes together 
with actinolite. Locally iron-formation in the 
form of very dark coloured sediments, rich in 
 magnetite occur. A magnetic susceptibility of 
0.095 c.g.s. units was measured in the laboratory, 
‚ Indicating a magnetite content of roughly 40 %. 
Some medium grained aplitic veins, up to 
15 cm. in width, cut through the sediments. 
They are composed of quartz, albite and ortho- 
clase in about equal quantities. The albite shows 
a rather strong sericitization and the orthoclase 
is strongly altered into albite. Pyroxene and 
_ muscovite occur in small quantities and calcite 
ıs mostly present. 

Some lavas are interbedded between the sedi- 
ments. They contain an amphibole with a strong 
pleochroism in blue-green and green colours, 
which is characteristic for the amphibole of 
Turner's albite-epidote-amphibolite facies. Albite 
occurs in fine grains. Other 
minerals are chlorite, sphene and stilpnomelane. 
The absence of epidote could indicate that the 
metamorphic facies approaches the amphibolite 

_ facies. 


b. Volcanic Series 


The Sedimentary Series is followed by a series, 
mainly of volcanic origin. At its base an intrusive 
body of gabbroic to dioritic composition occurs. 


metamorphic, 


419 


This rocktype is medium to coarse grained and 
greenish grey in colour. Columnar structures are 
frequently observed. Under the microscope this 
rock shows little alteration. Augite and plagio- 
clase are the main constituents, the augite shows 
alteration into a hornblende, pleochroic in olive 
and brown colours (uralitisation). The original 


'feldspar has been altered into albite and minerals 


of the epidote group. Sphene is a rather impor- 
tant magmatic constituent. Apatite is present as 
an accessory mineral. Metamorphism is very 
weak and shows only in the formation of a 
needle-shaped actinolitic amphibole, mostly 
occuring around the pyroxene crystals. In the 
vicinity of this intrusive body minor veins, 
entirely composed of serpentine are found. They 
are believed to be due to autometamorphic action 
of the gabbro. 

The volcanics which follow further to the 
north are likewise only slightly metamorphosed. 
They are of the same general composition as the 
volcanics between the Korak and Chukotat 
Rivers. Pillow structures can be found rather 
frequently but massif layers do occur. One of the 
more massif layers was studied under the micro- 
scope, it showed the structure and composition 
of a micro-gabbro. Pyrovene is a rather impor- 
tant constituent, occuring as phenocrysts and 
showing only a slight alteration into actinolitic 
amphibole. The original feldspar is strongly 
altered into albite, minerals of the epidote group 
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Fig. 5 — Schematic cross-section through the western part of the Cape Smith — 


Wakeham Bay Belt, 
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and sericite. Sphene occurs in two different 
generations, a primary magmatic generation and 
a secondary metamorphic one. Some quartz is 
also present. 

Some slightly different types of lava have been 
observed in this area. Two parallel, sill-shaped 
bands of basic to ultra-basic lavas occur here, 
vatying in width from 100 to 250 meters. These 
sills show locally brecciated zones at the contacts 
with the surrounding formations. They are 
usually dark green-blue in colour and fine 
grained. Occasionally lighter coloured types 
occur and dark green phenocrysts can, be observed 
in a lighter green or pinkish groundmass. These 
rocks are mostly basalts to olivine basalts. They 
contain phenocrysts of pyroxene and/or olivine 
in a glassy groundmass. The olivine is mostly 
completely altered into talc, serpentine (a mix- 
ture of serpophite and antigorite), chlorite and 
iddingsite. The pyroxene however looks remark- 
ably fresh. In places a second generation of 
pyroxene occurs as small needles in the ground- 
mass together with small needles of plagioclase. 
The groundmass shows mostly a certain degree 
of devitrification and locally alteration into 
albite and saussurite. Calcite, sphene and small 
needles of actinolite are mostly present but 
usually metamorphism has hardly touched these 
rocks. In one case a rock almost entirely com- 
posed of olivine and pyroxene was remarkably 
fresh, the olivine crystals showed a slight 
serpentinization along cracks only. As olivine 
forms almost 75 % of this rock, the name dunite 
is fully justified here. 

It should be noted here that ultra-basic rocks 
(peridotites) are also reported in the area 
between the Korak and Chukotat River, east of 
the investigated area (Bergeron 2). 


MINERALIZATION 


Mineralized zones occur quite frequently in 
the Cape Smith-Wakeham Bay Belt. The mineral- 
ization is in the form of rather massif sulfide 
bodies, occuring as replacement deposits, mostly 
in tuffaceous or sedimentary layers near the 
contact with gabbroic intrusions. One occurence 
was found in the investigated area, between the 
Ilukotat and Chukotat River, near the western 
edge of the investigated area, and some samples 
were studied under the ore-microscope. The ore 
consists mainly of pyrrhotite with some chalco- 
Pyrite and some idiomorphic pyrite. The pyrrho- 
tite contains a very small amount of pentlandite 
in the form of segregations. 

The formations of the belt, specifically the 
lavas, contain usually a little pyrrhotite, in places 
this pyrrhotite content increases to several per- 


cent and specks of pyrrhotite can reach 2 to 


5 mm in diameter. Some of these specks were 


studied under the ore-microscope and the ore 


proved to be rather similar to that of the main 


ore zone. The specks consist mainly of pyrrhotite 


associated with some chalcopyrite and some. 


sphalerite, the pyrrhotite being the youngest of 
the three. Pyrite is locally present. In the pyrrho- 
tite some pentlandite always occurs, in the form 
of small flame-like segregations. The pyrrhotite 
is furthermore often altered into marcasite, partly 
along cracks and partly producing so-called birds- 
eye textures. 


STRUCTURAL GEOLOGY 


The general strike of the formations in the 
investigated area is approximately N 60° E and 
the dip is between 30° and 80° north. No major 
folding has been observed but some minor 
folding has been noticed at the base of the 
Sedimentary Series north of the Chukotat River; 
this folding seems to increase towards the west 
and is rather strong along the shore of Hudson 
Bay (Gunning 10). Some minor folding also 
occurs in the Sedimentary Series near the Korak 
River, just east of the investigated area. (Berge- 
ron 2). 

Structurally we can divide the western part of 
the Cape Smith - Wakeham Bay Belt into three 
units: 

Unit A: Area between the Korak River and 

Chukotat River. 

Unit B: Area between the Chukotat River 

and the Northern Thrustfault. 

Unit C: Area north of the Northern Thrust- 

fault. 

The various formations occuring within these 
units, with their metamorphic and structural 
characteristics, are summarized in Table 1. Our 
own investigations did not include Unit C and 
therefore most of the information concerning 
this unit is taken from Bergeron (2 and 3). 

The contact between Unit A and the granite- 
gneiss complex to the south is considered to be 
an unconformity by Bergeron (2). However, the 
very strong gneissosity of the granite at this 


contact, which decreases towards the south; the 


occurence of quartz veins in the metasediments 
immediately overlying the granite-gneiss com- 
plex; the absence of conglomerates and other 
coarse grained formations at the base of the 
Sedimentary Series; all indicate that the contact 
between the belt formations and the underlying 
granite-gneiss complex is of a tectonic nature 
and it is believed that this contact represents a 
thrustfault, which dips approximately 40° north. 

The contact between Unit A and Unit B 


BEE 


seems to be the extension of the unconformity 
which Bergeron (2) has observed further to the 
east between his "Lower Series” and "Upper 
Series’. Actually the phenomena which were 
observed in the investigated area at this contact, 
indicate a strong tectonic and metasomatic 
activity Some of these phenomena are: a) The 


change in strike and dip of the formations at 


this contact; b) The rather strong metamorphism 


and complete recrystallization in the sediments 


and intercalated lavas north of the contact, com- 
pared with the weaker metamorphism and 
partial recrystallization in the volcanics south of 
this contact; c) The abundance of sericite in the 
metamorphosed sediments, which may be ex- 
plained by an increase in potassium; d) The 
occurence of quartz veinlets and aplitic veins. 
It is therefore believed that the contact between 
the Units A and B is of tectonic nature and that 
this contact represents likewise a thrustfault, 
dipping approximately 40° north. 


North of the investigated area a third thrust-, 


fault has been mapped by Bergeron (2). This 
thrustfault, the Northern Thrustfault, represents 
the contact between Units B and C. According 
to Bergeron higher grade metamorphic forma- 
tions have been thrust over lower grade meta- 
morphic formations. The plane of the thrust- 
fault seems to dip approximately 45° to the 
north. 

It seems therefore that the contact between 
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the granite-gneiss complex and Unit A and the 
contacts between Units A, B and C are all 
thrustfaults, striking more or less parallel and 
showing roughly the same dip. A comparison of 
the formations within each unit (see Table 1) 
shows a striking similarity of the three units. 
It is therefore proposed here that the structural 
Picture of the western part of the Cape Smith - 
Wakeham Bay Belt is one of major thrustfaulting 
and that each thrustfault caused a repetition of 
the same formations. Figure 5 represents a 
schematic profile through the belt, illustrating 
this concept. 

Besides the major thrustfaulting, minor 
faulting, parallel to the thrustfaults has been 
observed within the various units. The very 
schistose volcanic band between the metamor- 
phosed, sediments and a gabbroic intrusion, just 
north of the Korak River, represents such a 
fault. Furthermore the thin tuffaceous or sedi- 
mentary bands, occuring locally between the 
lavaflows, have probably absorbed most of the 
differential movement within the units. It is 
very likely that many of these faults represent 
minor thrustfaults causing some repetition with- 
in the Volcanic Series. 

Crossfaulting, mainly in a north-westerly 
direction can frequently be observed. Some of 
the more important crossfaults are indicated on 
the geological map. 

Toronto, May 1961. 
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Recent sediments, Northwest Gulf of Mexico, 
A symposium summarizing the results of work 
carried on in project 51 of the Am. Petr. Inst., 
edited by Francis P. Shepard, Fred B. Phleger, 
and Tjeerd H. van Andel, Scripps Institution 
of Oceanography, University of California, La 
Jolla. 394 p., 206 fig., 32 tables, 12 plates. 
The Am. Ass. of Petr. Geologists, Tulsa, Okla- 
homa, 1960. Prijs geb. $ 6.—. 


In de Verhandelingen van ons Genootschap ver- 
scheen in 1960 een symposium over het estuarium van 
de Ems (Dollart) waarin een aantal specialisten verslag 
uit brachten van het onderzoek dat zij onder de alge- 
mene leiding van Prof. Kuenen en Dr. Van Voort- 
huysen hadden gedaan. Het betrof hier een zeer ge- 
specialiseerd onderzoek waarbij men zou moeten zoe- 
ken naar iets, dat 66k nog gedaan had kunnen worden. 

Qua karakter er mee overeen komend, maar be- 
schouwd van een grotere afstand, al wordt daarbij het 
microscopisch kleine ook zeer wel en diepgaand be- 
studeerd, is het werk, dat zich thans aandient. 

Van 1951-1958 werden in Project 51 van het Ame- 
rican Petroleum Institute onderzoekingen verricht met 
als doel het leren kennen van de holocene sedimenta- 
tie langs de noordwestelijke rand van de Golf van Me- 
xico. De belangstelling voor de holocene sedimenten 
op het continentale plat is sterk gegroeid sinds de olie- 
exploratie dieper water op zocht. Dit project kan wor- 
den gezien als een poging om met behulp van meer 
kennis en begrip van deze sedimenten de interpretatie 
van soortgelijke sedimenten in oudere formaties te 
vergemakkelijken. 

De leiding van het Project lag in handen van Prof. 
Shepard. Gedurende de tijd, dat er onderzoekingen 
voor dit project werden verricht verschenen reeds vele 
publikaties. Het thans voor ons liggende boekwerk is 
een eindrapport, dat naast besprekingen en samenvat- 
tingen van vroeger verricht onderzoek ook nieuwe bij- 
dragen bevat. De Nederlandse geoloog Van Andel 
heeft een belangrijk aandeel in de werkzaamheden 
gehad en heeft tevens tezamen met Shepard en Phleger 
de redactie van dit symposium verzorgd. 

De sedimenten, die op de shelf van de NW Golf 
van Mexico tot afzetting komen zijn afkomstig van 
verschillende gesteentetypen, die in ouderdom varieren 
van Precambrium tot Kwartair. De verweringsproces- 
sen, die het materiaal hebben losgemaakt varieren van 
arctisch tot bijna tropisch en van aried tot humied. De 
desintegratieprodukten werden geerodeerd door gla- 
ciale, fluviatiele en mariene agentia (Van Andel). De 
aldus verkregen partikels komen nu in zeer verschil- 
lende milieu’s langs de rand van de Golf terecht. 
Samen met de fauna, de foraminiferen, ostracoden en 
macro-invertebraten, en het plankton wordt in een 
reeks van voortreffelijke bijdragen een totaalbeeld ge- 
geven van de holocene sedimentatie in het gebied. 

Het stabiele deel van de Gulfcoast, de kust van 
Texas, was een zeer geschikte plaats om aan de hand 
van C-l4 absolute ouderdomsgegevens de verschillen- 
de gebeurtenissen bij een mariene transgressie te be- 
studeren. Daarnaast wordt ook ruime aandacht besteed 


REELK EIN CE 


aan de Mississippi-delta en zijn mariene omgeving. 
Een bijzonder goede behandeling heeft het vraagstuk 
van de holocene zeespiegelrijzing gekregen. 

Ook uit een oogpunt van methodiek, b.v. het be- 
studeren van de grove fractie van het gehele sediment 
met de binoculair-microscoop, gaat het belang van dit 
boek ver uit boven het regionale karakter dat men bij 
het zien van de titel er aan toe zou kunnen schrijven. 

De grote charme van dit werk is, dat de meeste be- 
handelde problemen in hun belang niet beperkt blij- 
ven tot het hier ter sprake zijnde gebied; het zijn al- 
gemene problemen in de sedimentologie. Bovendien 
betrekken verschillende auteurs onderzoekingen elders 
in ruime mate in hun beschouwingen (b.v. Scruton 
over delta’s). 

Het boek is fraai geillustreerd. Een bijzonder waar- 
devolle bijdrage tot de sedimentologie! 
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De hoge bosgronden van Midden-Nederland, 
door J. Schelling. Versl. Landb.k. Onderz. no. 
66.9, Mededelingen van de Stichting voor Bo- 
demkartering, Bodemkundige Studies no. 5, 
Uitvoerige verslagen van de Stichting Bos- 
bouwproefstation „de Dorschkamp”, Bd V,. 
Verslag no. 1, Centrum voor landbouwpublika- 
ties en landbouwdocumentatie, \Wageningen 
1960, 67 blz., 31 fig., 4 gekl. kaarten, 1 gekl. 
profieltypen en 1 tabel. Prijs f 7,50. 


Bij de bosbouwkundige waardering van de grond 
spelen verschillende geologische factoren een belang- 
rijke rol. In het verslag dat Schelling hier geeft, van 
zijn jarenlange praktijk in de bosgebieden van Mid- 
den-Nederland, komt het verband tussen de geschikt- 
heid voor bosbouw en de korrelgrootte van het geolo- 
gisch substraat zeer duidelijk tot uiting. Legt men de 
bodemkaart en de bodemboniteringskaart voor de Ja- 
panse lariks van het Speulderbos naast elkaar dan ver- 
toont de eerste kaart meer onderscheidingen maar het 
patroon is gelijk. In de legenda van de bodemkaart, 
nu, speelt de korrelgrootte van het zand een belang- 
rijke rol. De bodemkaart op schaal 1:10.000, geeft 
van een gebied met gestuwde in hoofdzaak jong- 
pleistocene bruine zanden een beeld van de afwisseling 
van fijne en grove lagen in dit pakket. Voorts is ge- 
bleken, dat zich op deze, relatief voedselrijke jong- 
pleistocene bruine zanden een ander bodemprofiel heeft 
ontwikkeld dan op de oud-pleistocene voedselarme 
witte zanden. 

De opbouw van het fluvioglaciale pakket langs de 
randen van het dal van de Leuvenumse beek blijkt, 
wat de korrelgrootte van het materiaal betreft, te gril- 
lig te ziin om dit zelfs op een kaart met schaal 
1:5.000 weer te geven. 

Interessant zijn ook de waarnemingen verricht over 
de mate van erosie in verband met de helling en de 
bedekking door vegetatie. 

Een fraaie kleurenplaat van de voornaamste bos- 
grond-profieltypen, naar aquarellen van J. F. Firet ver- 
duidelijken het bodemkundig gedeelte. 


J. Dr a#% 
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f Boor en Spade, deel XI, Verspreide bijdragen 
tot de kennis van de bodem van Nederland. 
(Mededelingen van de Stichting voor Bodem- 
} kartering). IX + 176 blz., geill., met 5 kaart- 
‘ bijlagen. H. Veenman en Zonen N.V., Wage- 
“ ningen, 1961. Prijs f 7.80. 


Sinds jaren worden Nederlandse bodemkundigen na 
korte of lange tijd bij de Stichting voor Bodemkar- 
tering te hebben gewerkt, naar posten in het buiten- 
land geroepen. De groep van bodemkaarteerders van 
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‚ kort na de oorlog heeft zich aldus geinternationaliseerd. 


| De redactie heeft de banden, die de groep met Benne- 


kom en Nederland binden willen vastleggen door, naast 
bijdragen van Bennekomse zijde over taak en organisa- 
tie van de Stichting (door Osse) en over het gehele 
proces van voorbereiding, vooronderzoek, wijze van 
veldopname en de afwerking in rapport en op kaatt 
(door Steur) en over de eigenschappen van verschillen- 


‚ de gesteentesoorten met het 0o0g op het gebruik ervan 


voor civiel- en cultuurtechnische werken (Van der 
Marel), enkele medewerkers over hun ervaringen in 
de tropen en subtropen aan het woord te laten. 

Deze bijdragen, alle in het engels gesteld, openen 
met een drietal artikelen over Nederlands Nieuw- 
Guinea. Reynders geeft een overzicht van organisatie 
en stand van de bodemkaartering, waarna Schroo bo- 


dems behandelt, die in de alluviale Baliemvallei tot , 


ontwikkeling zijn gekomen. Een landschap van oever- 
wallen, stroomruggronden en komgronden is hier ont- 
staan. Reynders beschrijft voorts de bodemkundige 
veranderingen in een oorspronkelijk zandbanken- en 
slikkengebied uit de omgeving van Merauke: Ont- 
kalking en roodkleuring in de zandritsen, ijzerhydro- 
xyde en sulfaatmobilisatie in de tussengelegen klei- 
gronden. Maarleveld en Van der Merwe (Potchef- 
stroom) wijzen aan de hand van een vergelijking tus- 
sen de bodemkaart en een met behulp van luchtfoto’s 
samengestelde geomorfologische kaart nog eens op het 
belang van het gebruik van luchtfoto’s voor een bo- 
demkaartering. 

Van Oosten levert een studie over fluviatiele- en 
lacustriene sedimenten en het microrelief van een ri- 
viervlakte in Kongo (Katanga). Kwartair-geologisch 
interessant is de opeenvolging van bodemkundige pro- 
cessen en het voorkomen van artefacten in verband 
met de afwisselende pluvialen en droge perioden tij- 
dens het Pleistoceen. 

Tenslotte deelt Van der Meer iets mede over de 
bodemgesteldheid van een poldergebied in de delta 
van de Ganges (Oost-Pakistan) waar door regelmatige 
overstroming verzouting optreedt en welke maatrege- 
len daartegen moeten worden genomen. Pe 


Geology of the Arctic, edit. G. ©. Raasch, Proc. 
First Internat. Symp. on Artic Geology held in 
Calgary jan. 11-13, 1960. Two volumes, 1196 p., 
numerous figs and maps in text and under 
seperate cover. University of Toronto Press, 
Toronto 5, 1961. Prijs geb. $ 25.50. 


This very valuable contribution to our knowledge 


423 


of world geology is due to the initiative of the Alberta 
Soc. ‚of Petroleum Geologists, which organized the 
meeting in January 1960. Contributions from all the 
countries round the Arctic Ocean were received: 

Soviet Arctic 4, Spitsbergen 2, Greenland DL @a- 
nada 17, Alaska 5, Arctic Ocean basin 11, Glaciology 
etc. 30, Logistics and exploration 13, in all 103 papers 
of which 16 only in abstract, with an average of 131% 
pages for each of the full papers. Most of the in- 
formation is completely new, in particular that about 
the Canadian arctic archipelago and Ellesmere island 
and the Russian-Siberian region. 

For the general reader the articles which summarize 
results are perhaps most interesting; the outstanding 
ones are: 

Atlasov, I. P. & V. N. Sokolov, Main features of 
the tectonic development of the central Soviet Arctic, 
Pa»: 

Harland, W. B., An outline structural history of 
Spitsbergen, p. 68-132. 

Haller, J. The Carolinides, an orogenic belt of late 
Precambrian Age in NE Greenland, p. 155-159. 

Haller, J., Account of Caledonian orogeny in Green- 
land, p. 170-187. 

Thorsteinsson, R. & E. T. Tozer, Structural history 
of the Canadian arctic archipelago since Precambrian 
time, p. 339-360. 

Martin, L. J., Tectonic framework of northern Ca- 
nada, p. 442-457. 

Heezen, B. C. & M. Ewing, The Mid-oceanic ridge 
and its extension through the Arctic Basin, p. 622-642 
(unfortunately Alaska is mostly represented by abstracts 
only given by the U.S. geol. Survey Geologists). 

It is impossible of course to give even a short sum- 
mary of the contents of these 103 papers, but even a 
cursory examination reveals extremely interesting con- 
nections between the structural units in and around 
the Arctic Ocean. 

The curve of the Mid-Oceanic ridge, the continuation 
of the Mid-Atlantic ridge, round Spitsbergen shows 
some parallelism with the Ural-Nova Zembla Hercynian 
orogene arc. Together with the high Lomonosov ridge it 
abuts against the Siberian continental shelf where one 
can expect the late Mesozoic fold belt of Nerkhoyansk 
with the same trend. Equally interesting are the Cale- 
donian, Hercynian and Alpine fold belts of the Ca- 
nadian archipelago and continent and their relations 
with the structural units of the European and Asiatic 
continents south of them. 

It is regrettable that western Greenland is not better 
represented, the map on p. 330 is too small and has 
no intelligible legend. In general it is often difficult 
to read the maps, a legend on p. 444, referring to six 
maps on pages 445-448 makes the reading difficult, 
the very clear maps of Spitsbergen by Harland carry 
almost no topographical names, one has to consult an 
atlas to read the text. 

It is rather amusing to see how badly the older 
hypotheses about the tectonic origin of the Arctic, con- 
tinental drift etc., work out now that some facts have 


become known. 
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GEOLOGISCH EN MUNBOUWKUNDIG NIEUWS 


DR. A. BROUWER HOOGLERAAR 


Dt. A. Brouwer, sedert 1958 lector in de stratigra- 
fie en de paleontologie te Leiden, werd benoemd tot 
gewoon hoogleraar in de faculteit der wis- en natuur- 
kunde aan de Rijksuniversiteit te Leiden om onderwijs 
te geven in de stratigrafie en de paleontologie. 

"Dr. A. Brouwer verzorgde als redacteur de uitgave 
van Geologie en Mijnbouw van 1951 tot februari 1959. 


6th WORLD PETROLEUM CONGRESS — 
JUNE 10-26, 1963 
Een brochure over het 6th World Petroleum Con- 
gress dat van 10-26 juni 1963 te Frankfurt am Main 
zal worden gehouden, zal na aanvrage bij het Secre- 
tariaat, Assendelftstraat 53, 's-Gravenhage aan belang- 
stellende leden worden toegezonden. 


KONINKLIJKE/SHELL EXPLORATIE EN 
PRODUKTIE LABORATORIUM TE RIJSWIJK 


Op 24 november vond de officiele opening plaats 
van het Koninklijke/Shell Exploratie en Produktie 
Laboratorium, gelegen aan de Volmerlaan te Rijswijk 
(Industrieschap ”Plaspoelpolder’). 

Het speurwerk op het gebied van de opsporing en 
winning van aardolie van de Koninklijke/Shell in Ne- 
derland werd tot dusver uitgevoerd in de laboratoria 
te Amsterdam en Delft. Deze werkzaamheden zijn nu 
in het nieuwe complex te Rijswijk geconcentreerd. 

Een beschrijving van dit laboratorium met enkele 
mededelingen over de research welke daar wordt on- 
dernomen, zal in een der volgende nummers van dit 
tijdschrift verschijnen. 
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PRODUKTIE VAN DE LIMBURGSE STEENKOLEN- 
MIJNEN OVER DE MAAND OKTOBER 


Netto produktie in tonnen 


Mijnen 

1961 1960 
Wilhelmina 104.185 88.685 
Emma 216.509 206.920 
Hendrik 113.443 132.108 
Maurits 220.409 247.832 
Totaal Staatsmijnen 654.546 675.545 
Oranje-Nassau I 48.370 47.238 
Oranje-Nassau II 53.449 51.908 
Oranje-Nassau III 77.288 74.198 
Oranje-Nassau IV 27.693 27.256 
Totaal Oranje-Nassaumijnen 206.800 200.600 
Laura 41.400 45.000 
Julia 65.300 62.500 
Totaal Laura en Vereniging 106.700 107.500 
Domaniale 48.959 47.586 | 
Willem-Sophia 36.500 38.500 
Totaal Limburgse Mijnen 1.053.505 1.069.731 


PRODUKTIEGEGEVENS STEENKOLEN E.G.K.S. OVER OKTOBER 1961 
———— nö III ee 


Duitsland Belgie 


Bun, 
—_—_—_—_—_“—,— 


Produktie (1000 t.) 


oktober 1961 12.096 1.854 

oktober 1960 11.609 1.944 
Aantal arbeiders o.g. (1000 arb.) 

29-10-1961 280,3 62,1 

31-10-1960 296,9 ) 
Prestatie o.g. (kg) 

week v.d. 29-10-1961 LBS 26 

oktober 1960 2.067 1.630 
Voorraden (1000 t.) 

per 29-10-1962 8.471 5.086 

per 31-10-1960 8.601 6.794 


Frankrijk Ttalie Nederland E.G.K.S: 
4.624 60 1.053 19.687 
4.825 56 1.070 19.503 
118,6 2,0 26,7 489,7 
125,6 28 28,3 3255 
1.872 1.616 DA 2.072 
1.839 1.243 1.907 1.943 

12215 22 640 26.434 
13.261 123 To 29.506 


Edania Su 
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PENoOTSsceHhHApSs zuKceN 


GEOLOGISCHE SECTIE 


Bestuursmededelingen: Op de bijzondere vergade- 
‚ring van de Geologische Sectie van 20 oktober j.l. 
werd in de plaats van de vice-voorzitter Dr. J. F. M. 


de Raaf met algemene stemmen in dezelfde functie 


"benoemd Prof. Dr. E. den Tex, hoogleraar te Leiden. 


De vergadering werd bezocht door 32 leden. 


Een bijzondere vergadering van de Geologische Sec- 
"tie werd gehouden op 18 december 1961 in het ge- 
bouw van, de N.V. B.I.P.M., Carel van Bijlandtlaan 30 
te 's-Gravenhage. 
De spreker was Dr. E. F. Escher (B.I.P.M.) met het 


onderwerp: Over de geologie van Spitsbergen. 


De secretaris, H. M. Harsveldt. 


PERSONALIA. 


Nieuwe adressen: 


BEEKMAN, geol. drs. P. H. — Amsterdam, N.V. Voor- 
burgwal 76. (g). 

BRONS Hzn. Dr. H. H. — 's-Gravenhage, Floris 
Grijpstraat 19. (g, gk). 

BRUIJN, L. C. de — ’s-Gravenhage, 2e van Blanken- 
burgstraat 97. (bg). 

CRUYNINGEN, m.i., Ir. J. P. van — ’s-Gravenhage, 

/ p/a Billiton Mij., P.O. Box 190. (m, K). 

DESSAUVAGIE, geol. drs., T. F. J. — Ankara, Tur- 
kije, c/o Maden Tetkik ve Arama Enstitüsü, 
Emek Mahallesi, 58 Sokan no. 6 Bahgelievler. 


(8). 

DORSMAN, m.i., Ir. A. N. — Paris 16e, France, 33 
Rue Copernic. (b, K). 

DIJK, N. J. van — Delft, Fabritiusstraat 10. (bg) 
(M.V.D.). 

FISCHER, M. M. — Leiden, Zoeterwoudsesingel 60. 
(bg) (L.G.V.). 

GROEN, geol. drs., D. W. M. te — Oldenzaal, Spoor- 
straat 27. (g, gk). 

HOUX, m.i., Ir. P. W. H. — Heerlen, Eymmelstraat 
32. (bg) (M.V.D.). 

HUSMANN, Dr. Ing. A. J. — Heerlen, Caumerbeek- 
laan 36. (m). 


- 


JANSEN, geol. drs. H. F. — 's-Gravenhage, Marlot- 
laan 15 A. (g). 

JONG, K. A. de — Utrecht, van Brakelstraat 2. (bg) 
(U.G.V.). 

KOK, m.i., Ir. P. C. — Oldenzaal, Scholte Grevink- 
hoflaan 5. (b, K). 

LAARSCHOT, m.i., Ir. E. J. van de — Kerkrade, 
Stationsstraat 40. (m). 

MADLENER, m.i., Ir. M. M. M. — Barancabetmeja 
(Santander), Columbia c/o Shell Condor, Cam- 
po’ Casabe. (m) (K). 

MEY, P. H. W. — Leiden, Klikspaanweg 34. (bg) 


WEGE 

MEIJER, J. J. de — Leiden, Klikspaanweg 31. (bg) 
KE.GAVZ)- 

MULDER, Dr. C. J. — Melbourne, C.1., Victoria, 


Australia, c/o Shell Dev. Company of Austra- 
la Pty. Lid, P.Or Box 8ST2IR (@): 

MURRIS, Dr. R. J. — Hydra, Alger, Algerie — 
118 Residence du Petit Hydra (Bt. C.7). (g). 

NIEUWENHUYS, geol. drs.. W. H. — Voorschoten, 
Palestrinalaan 8. (g). 

NOTA, geol. drs. D. J. G. — Halifax, N.S., Canada 

Institute of Oceanography, Dalhousie Uni- 

versity. (8). 

OEN, Dr. Ing Soen — Amsterdam, Nienwe Prinsen- 
gracht 130, p/a Geologisch Instituut. (g). 


ROMIJN, geol. drs. EE — Haarlem, Willem Buys- 
laan 2. (g). 
SPIJER, Dr. S. B. — ’s-Gravenhage, Laan van Clin- 


gendael 98. (b). 
STHEEMAN, m.i., Dr. Ir. H. A. — De Lutte (Ov.), 
Kruisseltlaan 7. (b, K). 


TAN, m.i., Ir. A. S. T. — Alger, Algerie - Colonne 
Voirol, 7 Rue Colbert. (b, K). 
VERSTAPPEN, Dr. H. Th. — Voorburg (Z.H.), 


Albert Verweystraat 206. (8). 

VISSCHER, W. — Sassenheim, Hoofdstraat 230. (bg) 
(M.V.D.). 

ZEE, R. R. v. d. — Schiedam, Fr. Haverschmidtlaan 
42. (bg) (M.V.D.). 


Nieuwe leden: 

EDEN, J. G. van — Groningen, Hofstede de Groot- 
kade 33. (bg). 

SCHARDIJN, W. — Rijswijk, Burgemeester Elsen- 
laan 89. (b). 

SISSINGH, W. — Winschoten, Vissersdijk 25. (bg). 

ZEILMAKER, D. A. Groningen, Nieuwe Bote- 
ringestraat 15a. (bg). 


Overleden: 
TESCH, m.i., Dr. Ir. P. — Haarlem, Huize Spaar en 
Hout, Kleine Houtweg 139. Erelid. 


426 
Bedankt per 31.12.’61: 
DEINUM, F. — ’s-Gravenhage, Kraaienlaan 94. (8, 


sk). 
DRIFT, m.i., Ir. J. B. van der — ’s-Gravenhage, Bil- 
derdijkstraat 48. (m). ee 
LEDEBOER, m.i., Ir. B. J. — Chuquicamata, c/o Chili 
Exploration Cy. (g) (RK). 
SCHUITEMAKER, N. V. — Voorburg, Spinozalaan 
205. (bg) (M.V.D.). 
SMITS, m.i., Ir. H. A. R. — Geldrop, ’t Geluk 7. 


(m.). 
WELTER, C. C. — Tananarive, Madagascar, c/o Ser- 
vice Geologique, B.P. 322. (bg) (G.V.A.). 


Mautaties: 
CREUTZBERG, D. — van (g) naar:(bg) (U.G.V.) 
(tijdelijk). 
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DESSAUVAGIE, Th. P. J. — van (bg) naar (g). 
HUSMANN, Dr. Ing. A. J. — van (b) (K) naar (m) 


(InSE 

KETELAAR, A. C. R. — van (bg) (M.V.D.) naar 
(b) (ek). ; 

OFFERHAUS, geol. drs. F. L. — van (bg) (L.G.V.) 
naar (8). 

TEUNISSEN, van drs. nu: Dr. D. — Wetensch. 


ambtenaar a.d. Afd. Geologie v.h. Biologisch 
Instituut der R.K. Universiteit te Nijmegen. 


Adressen gevraagd: 


KWANTES, m.i., Ir. C. — (m, K). 
NAGTEGAAL, P. — (bg) (L.G.V.). 
OSBERGER, Dr. R. — (m). 
SNOEP, P. — (bg) (L.G.V.). 


OPROEP VAN GEGADIGDEN VOOR BATEN UIT DE STICHTING 
MOLENGRAAFF-FONDS 
Op 1 januari 1962 stelt het Fonds voor het doel der Stichting beschikbaar f 7500,—. 


Gegadigden voor dit bedrag of een deel daarvan moeten vöör 15 december e.k. hun 
met redenen omklede aanvragen inzenden aan de Secretaris der Stichting, p/a Instituut 


voor Mijnbouwkunde te Delft. 


De beschikbare gelden zullen toegewezen worden voor 31 januari 1962. 


Het bestuur, 


Prof. Dr. Ir. F..J. Faber, Voorzitter 

Prof. Dr. Ph. H. Kuenen, Vice-Voorzitter 
Prof. Dr. J. Dufour, Secretaris-Penningmeester 
Prof. tr Ha]sde Wajs and 

Prof. Dr. Ir. R. W. van Bemmelen, Lid 


N.B. 


De subsidie heeft in principe het doel wetenschappelijk onderzoek te stimuleren en 
niet om b.v. drukkosten van publikaties te bestrijden. 


Subsidie-aanvragen ingediend na de officieel gestelde tijd zullen ook in behandeling 


genomen worden. 


No. 83 786 ten name van: 


Adverteren in Ralph Spearow, te Paola, Kansas, Ver. St. v. Am. 


& en SC SHETINEDERLANDS OCTROOI 
| 


% i 2 e N betreffende: 
£ Geologie en Müntouw „Werkwijze voor het winnen var olie uit een olie- 


| houdende laag en volgens deze werkwijze gemaakte 
olieproduktieput resp. drukput met een of meer olie- 


produktieputten” 
betekent wordt ter overneming of licentieverlening aangeboden. 
ALLE BELANGHEBBENDEN Inlichtingen verstrekt: 
insene barsiken Octrooibureau Vriesendorp & Gaade 


Dr. Kuyperstraat 6, ’s-Gravenhage. 
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DRESSER verstelbare lekklemmen 
style 60 


voor het versterken van de moftverbinding 
van gietijzeren hoofdleidingen. 

De doorgesneden buis toont de werkwijze 
van de lekklem style 60 en illustreert de 
vorm en. de betrekkelijke positie van de 
ankerring, volgring, pakkingring en bouten 
na de montage. 

Lekklemmen worden geleverd ın alle maten 
van 3 tot 48° diameter voor mofverbindin- 
gen van gegoten of centrifugaal gegoten 
hoofdleidingen. 


Al-Techniek Amsterdam nv 


Amsterdam-O,, tel. 74 38 74, postbus 4064 (O), Industrieterrein Amstel, W. Fenengastraat 33-35 


DE VRIES ROBBE & CO N.V. 


GORINCHEM 


staalconstructies 


” NN | 


VLAM. 


beveiliging en 


dichtheidsindicatie 


fireye 


vlambeveiligingssystemen 


„DEMY 


GELEEN (Holland) 


voor M 
_ Tel. Sittard (0 4490) 36 46* 
volautomatische 
- I IM III | 
of handbediende ÄNINUNIUNIUNIUIIIUIUITUTUIIUTNIIUIUIUIUIUIIUIUIIIUIIUNIUIUIUNIUILUND 
ketelinstallaties 
met olie- 
of gasbranders 
Sy 
\ fi 
N fireye 
| rookdichthe 
| 
voor olie- Ook in de mijnbouw, 
nn meer dan 40 j ! 
kolengestoo jaar toonaangevend! 
. in Nederland: in Belgie: 
RAYDO FABRIEK Ets. „RAYDO 
Electronics H h N ER p.v.b.a. 
Corporation Bezemstraat 10 " DE Ra a 
of America Ged. Gracht 231 ruekde Bomeen 
. telefoon: ( 070) telefoon ( 2) 
__ Bat 601919 en 112525 11179 
: oe \ Amsterdam; Antwerpen; Den Haag-W.; 
N. V. BRONS WERK era l Rotterdam-N.; Ba en m. 
KEIZERSGRACHT 447 - TELEFOON 39962 - AMSTERDAM-C 


Vulcanus voldoet aan eilke eis in gietijzer! 


Door jarenlange ervaring beheerst Vulcanus [Er I Be a DE Ei ER ED EI EG 
de techniek die nodig is om aan 


de eisen van electrotechnisch gietwerk 
‘e voldoen. Deze eisen zijn: maatvastheid - 
dunwandig en toch goed bewerkbaar- 
glad oppervlak. De hier getoonde 
voorbeelden zijn slechts een beperkt 
gedeelte van de leveringsmogelijkheden. 


GIETIJZER VM 1 


. 


Treksterkte : 14 kg/mm?2 
Buigsterkte : 30-35 kg/mm? 
Brinellwaarde: 190-220 
Wanddikte :4 mm 


TECHNISCHE 
VOooRLICHTING 


Dit materiaal is bovendien 
uitermate geschikt om ge- 
&mailleerd te worden. 
Enkele voorbeelden zijn: 
gascomforen, closetreser- 
voirs, veedrinkbakken. 


Onze afdeling Technische Werk- 
voorbereiding en ons Laborato- 
rium dienen U graag van advies 
bij vormgeving en materiaalkeu- 
ze van het gietstuk. 


Het meesterteken op 
alle Vulcanus-gietwerk 


| u 


en | 


VIIIEHAN US; N.V. NEDERLANDSCHE IJZERGIETERIJ - VAASSEN 


25000 COLES - 
kranen in bedrijf, 
waarvan 400 
‘in Nederland! 


mobie,e kranen 
railkranen 


autokranen 


tot 50 ton 
hefvermogen 


VAN KRANENBURG 
ROTTERDAM - 


| POSTBUS 854 ® TEL. 010 - 120077 


DEMAG-viertraps turbocompressor VK 23 
cap. 20.000 m?/u. bij 5 atm. einddruk 


jr er 


POKORNY 
DEMAG 


voor betrouwbare 
COMPRESSOREN en 
LUCHTDRUKGEREED- 
SCHAPPEN 


N.V. HANDELS- EN INGENIEURSBUREAU 
W. B. VAN DEN BERG, DEN HAAG 
FRUITWEG 240, TELEFOON 070 - 614041 / 7 LIINEN 


2 


2 
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van de grofste tot de fiinste maaswijdtes; 
uit alle weefbare metalen en legeringen 


Ook uit kunststoffen als: 
nylon, polyethylene enz. 


N.V. METAALDRAADWEVERI) 


DINXPERLO 
druckluftpumpen LIJKT DE TUSSENCOPIE 
VAN UW KAART OP DE 
weichenstellvorrichtungen ORIGINELE CALQUE 
wettertüren 
Tussen-en rasterkopieen, 
weittertüröffner EraNSEEN. stripmethode, 
. schriftmontage, 
: | fotografische werkzaamheden, 
druckluftzylinder deelcalques voor kleuren, 
adviezen inzake 
druckluft- druktechnische problemen. 
steuerungen 
tränkgeräte KARTOGRAFISCH 


PRECISIEWERK 


u. =. er afd. Kartografie M.P.S. 
Gründer & Hötten oH@. : N.V. Boek, Offset- en 
Speciaaldrukkerijen 
Marchand-Paap-Strooker 
Newtonstraat 441-463 


! et 5 Den Haag 
Riehlstr. 2 - Tel.: Essen 796653/54 | -  Telefoon 070-6319 77* 


ESSEN-WEST 


ondergrondse 
personenwagen 


staalconstructie en machinefabriek e pijpleidingen voor hoge en lage druk 
transportbanden e emmerladders 


apparaten voor de chemische industrie @ ondergrondse mechanisatie 


= LEEN 
van riet er: 


BURG. LEMMENSSTR. 123 


staalbouw en montagebedrijf n.v. re. 04494.3241- ca tünen) 


Schachtabteufen 
nach dem Gefrier-, dem Ze- 
mentier- oder auch nach son- | 
stigen Spezial-Verfahren,wie 
Spunden usw. 

Mauerung in Betonsteinen 


Weiterteufen 


Reparaturen und Umbauten von Schächten, 
Wetterkanälen usw. 


Ausführung 


sämtlicher Gesteinsarbeiten wie z.B. Großräume, 
Füllörter usw. 


Wasserabdämmungsarbeiten 
durch Zementieren. 


Krolich@klüpfel 


Abt. Schacht- und Bergbau - Essen - Haus am 'Kettwiger Tor 


Alleenvertegenwoordigers voor de Nederlandse Mijinbouw: 


INGENIEURSBUREAU DR.P.WINTGENS : HEERLEN  Yalkenburgerweg 75 
Telefon 50 44 (2 liinen) 


EEE EEE 


Installatie met speciale regel- 
inrichting, systeem Rapid Exact. 
Optimale bedrijfszekerheid bij 
maximale productie. 


E. M. ELECTROSTOOM N.V. 


POSTBUS 301 — ROTTERDAM - TEL. 180280 


m NLOCOMOT!I even % LuchtcomprREessoRs 


Naamloze A W. A. HOEK’s Postbus 78 
Vennootschap _PMACHINE- EN ZUURSTOFFABRIEK SCHIEDAM 


BEBaı IL m 


{ 3 


| $ | A Kai) 
!, 
N.V. WERF GUSTO v/h FIRMA A. F. SMULDERS 


SCHIEDAM 


TELEFOON ROTTERDAM 
.. 69030 (4 L) 69420 (4 L) 


GELEEN 


TELEFOON 3345-3346 


SERVICEBEDRIJF VOOR 
DE MIJNEN 


SKIPVERVOER 
BOVENGRONDSE- 

KOLENVERWERKING 
WASSERUEN,SYSTEMEN STAMICARBON 
O.A. STAATSMIIJNEN CYCLOON- EN 
DRUFWASPROCEDE'S 
MECHANISCHE KOOLWINNING 
O.A. SCHRAPER- EN SCHAAFINSTAL- 
LATIES 


TRANSPORTINRICHTINGEN 


MULTISCHAAFINSTALLATIE 


Leveranties in: 
Nederland, Belgie, Frankriik en Engeland 


+ 


Nederland schreeuwt 


om meer en betere wegen... 


Betonwegen 


De automobilist heeft belang bij veilige wegen. Betonwegen zijn 
vlak en stroef, dus slipvrij. Men rijdt er prettig op. Betonwegen zijn 
licht van kleur en daardoor veilig bij duisternis. De belasting- 
betaler heeft belang bij goedkope wegen. Betonwegen vergen 
weinig onderhoud en weerstaan de invloeden van vorst en dooi 
Nederlandse betonwegen, gemaakt met Nederlands hoogoven- 


cement, zijn goede wegen. 


Verkoopassociatie 


ENCI-CEMIJ N.V. 
Herengracht 507 
Amsterdam 


Tel. 38591 (5 lijnen) 
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Rt 3 The wide range of Craelius Bits gives the 
I possibility of selecting the most suitable type 
and quality for any particular drilling problem | 


DRUKKER & Zn. N.V. 


RINGDUK 2 — AMSTERDAM - PHONE 50369 - 53068 


'DIAMONDS 


